L 

Number 


Hits 


Search Text 


DB 


Time stamp 


1 


0 


( "sensorsamecablesameconnector" ) . PN. 


US PAT 


2003/09/29 










09:30 


2 


2180 


sensor same cable same connector 


US PAT 


2003/09/29 










09:36 


3 


78 


600/325. eels, or 600/327 . eels . or 


US PAT 


2003/09/29 






600/332. eels, or 600/339 . eels . 




09:47 


4 


203 


600/505. eels. 


US PAT 


2003/09/29 










10:04 


5 


221 


600/345-365 .eels, and catheter 


US PAT 


2003/09/29 










10:39 


6 


326 


(sensor same cable same connector) and 


US PAT 


2003/09/29 






600/$. eels. 




10:22 | 


7 


320 


( (sensor same cable same connector) and 


US PAT 


2003/09/29 






600/$. eels.) not ( 600/345-365 . eels . and 




10:22 






catheter) 






8 


315 


( ( (sensor same cable same connector) and 


US PAT 


2003/09/29 






600/$. eels.) not ( 600/345-365 . eels . and 




10:38 






catheter)) not ( 600/325 . eels . or 










600/327. eels, or 600/332 . eels . or 










600/339. eels. ) 






9 


61 


600/345-365 .eels, and bead$ 


US PAT 


2003/09/29 










10:40 


10 


27 


sensor same (bead$ with encapsulat$) 


US PAT 


2003/09/29 










11:42 


11 


1209 


bead$ with encapsulat$ 


US PAT 


2003/09/29 










10:46 


12 


12 


(bead$ with encapsulat$) and 73/$. eels. 


US PAT 


2003/09/29 










10:43 


13 


1 


(bead$ with encapsulat$) with detector$ 


US PAT 


2003/09/29 










10:46 


14 


2 


(bead$ with encapsulat$) same detector$ 


US PAT 


2003/09/29 










11:42 


15 


47 


600/$. eels, and (sensor with bead$) 


US PAT 


2003/09/29 










11:50 


16 


221 


600/345. eels. 


US PAT 


2003/09/29 










11:57 


17 


17 


600/322-324. eels, and bead$ 


US PAT 


2003/09/29 










12: 14 


18 


25 


("2567926" | "3482565" I "4350165" | 


US PAT 


2003/09/29 






"4380240" I "4406289" | "4700708" | 




12:09 






"4825872" I "4825879" | "4830014" | 










"4859057" | "4865038" | "4928691" | 










"4938218" | "4964408" | "4974591" | 










"5109849" | "5125403" | "5170786" | 










"5217013" | "5246003" | "5337744" | 










"5452717" | "5469845" | "5520177" | 










"5584296") .PN. 






19 


46 


600/322-324. eels, and epoxy 


US PAT 


2003/09/29 










13:03 


20 


0 


6411834. pn. and platinum 


US PAT 


2003/09/29 










13:04 


21 


109 


600/345 . eels . and platinum 


US PAT 


2003/09/29 










13:31 


22 


7 


(sensing adj apparatus) adj2 process 


US-PGPUB 


2003/09/29 










13:31 


23 


1 


(sensing adj apparatus) adj 2 process and 


US-PGPUB 


2003/09/29 






protein 




13:33 


24 


7 


600/347 . eels . and (glucose adj oxidase) 


US-PGPUB 


2003/09/29 






and protein 




13:36 


25 


634 


ribbon adj cable 


US-PGPUB 


2003/09/29 






- 




13:37 


26 


48 


600/374. eels. 


US-PGPUB 


2003/09/29 










13:37 


27 


2 


(ribbon adj cable) and 600/374 . eels . 


US-PGPUB 


2003/09/29 










13:37 


28 


2 


(ribbon adj cable) and 600/374 . eels . 


US PAT; 


2003/09/29 








US-PGPUB 


13:37 


29 


4533 


ribbon adj cable 


US PAT; 


2003/09/29 








US-PGPUB 


13:37 



Search History 9/29/03 1:52:20 PM Page 1 



30 


7 


(ribbon adj cable) and 600/374 . eels . 


US PAT; 


2003/09/29 








US-PGPUB 


13:38 



Search History 



9/29/03 1:52:20 PM Page 2 



United States Patent m m) Patent Numben 4,865,038 

Rich et al. [45] Date of Patent: Sep* 12, 1989 



[54] SENSOR APPLIANCE FOR NON-INVASIVE 
MONITORING 

[75] Inventors: David Rich, E. Hartford, Conn.; 

Simon Thomas, Whitland, Wales 

[73] Assignee: Novametrix Medical Systems, Inc* 
Wallingford, Conn. 

[21] AppL No.: 916\938 

[22] Filed: Oct 9, 1986 

[51] IntCl.4 A61B 5/00 

[52] VS. CI 128/633; 128/664; 

128/665; 356/41 

[58] Field of Search 128/644, 666, 696, 633, 

128/639, 664, 665, 690, 798, 802; 356/41; 

250/551 

[56] References Cited 

U.S. PATENT DOCUMENTS 

4,091,803 5/1978 Pindcr .. .. 128/690 

4,129,124 12/1978 Thalmann 128/690 

4,160,308 7/1979 Courtney et aL 250/531 



4,213,463 7/1980 Osenkarski 128/639 

4,233,987 11/1980 Feingold .. » 128/639 

4,380,240 4/1983 Joteis et al :. 128/633 

4,635,641 1/1987 Hoffinan 128/639 

4,636,647 1/1987 Nishizawa - 250/551 

4,700,708 10/1987 New, Jr. et al 128/633 

4,726,382 2/1988 Boehmer et at : 128/667 

Primary Examiner — Ruth S. Smith 

Attorney, Agent, or Firm— Howard F. Mandelbaum 

[57] ABSTRACT 

A sensor appliance removably attachable to a living 
body for non-invasively producing signals indicative of 
a condition of the body and applying them to a monitor- 
ing or measuring device and method of making the 
appliance characterized by a small, highly flexible light 
weight substrate with surface mounted light emitting 
and photodetector components hermetically sealed in a 
flexible moisture resistant envelope. Provision is made 
for inclusion of a form sustaining spine to enhance posi- 
tional stability. 

17 Claims, 2 Drawing Sheets 
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It is therefore an object of the invention to provide a 
SENSOR APPLIANCE FOR NON-INVASIVE sensor appliance adapted for removable attachment to a 

MONITORING living body for non-invasively producing signals indica- 

tive of a condition of the body. 
BACKGROUND OF THE INVENTION 5 Another object of the invention to provide a sensor 
This invention is related to the use of sensors applied appliance suitable for repeated use among several pa- 
to the body for monitoring or making measurements of tients. 

body tissue condition, metabolism or other body func- Stin another object of the invention to provide a 
tions indicative of health. More specifically, the inven- sensor appliance which is conformable to the surface of 
tion is directed to an appliance which can be readily 10 t | xe at which it is positioned thereby resisting mo- 
attached to the body to support a sensor adjacent with respect to the body, 
thereto in a stable disposition for accurate and precise A further object of the invention to provide a sensor 
measurements unhampered by artifact due to sensor appliance which can be readily disinfected between 
motion relative to the body. _ uscs - 

One application for a sensor appliance of the type Sti11 a further object of the invention to provide a 
described herein is in pulse oximetry, a non-invasive sensor appliance having a very low profile for enhanced 
method of measuring the relative oxygen saturation of flexibility. 

the blood. Pulse oximeters generally employ light An additional object of the invention to provide a 
sources, e.g., light emitting diodes (L.E.D.S), to alter- - n sensor appliance which is hermetically sealed so that its 
nately direct light of two different wave lengths, e.g., active components are impervious to contamination, 
red and infra-red, to the blood through the skin. The Other and further objects of the invention will be 
light transmitted or reflected by the blood at the differ- apparent from the following drawings and description 
ent wave lengths can then be compared to provide a of a preferred embodiment of the invention in which 
measurement of oxygen saturation. 25 like reference numerals are used to indicate like parts in 

Typically, a sensor appliance containing the light the various views, 
sources, e.g., L.E.D.S, and a light sensor, e.g., photode- DESCRIPTION OF THE DRAWING 

tector, is mounted on the finger, toe or ear lobe. An DESCRIPTION Or THE DRAWINGS 

example of such a sensor is disclosed in European patent FIG.* 1 is an environmental view of the preferred 
application No. 84302994.3 for a Sensor having Cutane- 30 embodiment of the invention in its intended use. 
ous Conformance. In prior art sensor appliances, indi- FIG. 2 is an exploded perspective view of the pre- 
vidual L.E.D.s and a photodetector of an oximeter ferred embodiment of the invention, 
sensor are each mounted on a respective rigid substrate FIG. 3 is a perspective view of the preferred embodi- 
which is, in turn, incorporated into a flexible envelope, ment of the invention, 
making for a bulky device which often result in unstable 35 
readings due to limited conformability when attached 
to a patient In addition to yielding unstable readings 
due to limited conformability, prior art appliances are Referring now to FIG. 1 of the drawings, there is 
subject to contamination and suitable for use only as shown a sensor appliance 1, in accordance with the 
disposable devices since their discrete LED and photo- 40 invention, disposed on the finger of a patient. The sen- 
diode components and wiring are relatively bulky and sor appliance 1, as shown, is used in oximetry, i.e., the 
vulnerable to external contaminants. Moreover, such measurement of percent oxygen saturation of the blood, 
appliances cannot be readily cleaned for use on multiple However, it is to be appreciated that the structure dis- 
patients. Flexibility in the areas of the light sources and closed herein may have application in other measure- 
detectors is minimal thereby preventing good confer- 45 ments or monitoring of body condition, function or 
mance with small toes, fingers and earlobes as in the metabolism where it is desired to mount a sensor on the 
case of neonates. In addition, disassembly of and/or body of a patient 

damage to the structure of prior art appliances often Referring now to FIGS. 2 and 3 of the drawings, 
results from attempts at repeated usage. there is shown an elongated flexible printed circuit 

SUMMARY OF THF TNVFNTTOM 50 b ° Md Substrate 3 a ^ loW P rofile ' Le " a Mck ' 

SUMMARY OF THE INVENTION ness of approximately 0.15 millimeters. The flexible 

The foregoing problems and others associated with substrate 3 is preferably formed from a strong, light 
prior art sensor appliances are overcome by the instant weight material suitable for component surface mount- 
invention which provides for a sensor appliance ing and wire bonding- 
adapted for removable attachment to a living body for 55 Two die light emitting diodes 5 and 7 are respectively 
non-invasively producing signals indicative of a condi- bonded to the flexible printed circuit board substrate 3 
tion of the body and applying them to a monitoring or by a suitable bonding agent which, in the case of the 
measuring device, including an elongated flexible sub- preferred embodiment of the invention is a die attach- 
strate disposed within an outer flexible sealed envelope ment epoxy that forms a first bond to the flexible 
and having energy transmitting means and sensor means 60 printed circuit board substrate 3. The die attachment 
integrally bonded therewith and signal conductor epoxy is selected to have high thermal conductivity 
means operatively connected to said sensor means for thereby serving as a heat sink and dissipating the heat 
connection to a monitoring or measuring device, and generated by the LEDs 5 and 7 when they are ener- 
rigid support means bonded to an opposite side of said gized. The die attachment epoxy is also selected to have 
substrate adjacent the sensor means for enhancing wire 65 high electrical conductivity. A second contact to the 
bonding and preventing delamination of the encapsulat- L.E.D. dice is made by means of wire bonds 6 between 
ing epoxy of the appliance structure during flexing the die contact pads and appropriate adjacent tracks 
thereof. formed by conductors 9 on the printed circuit board. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENT 
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As is known in oximetry, the transmission of light in respectively of a vinyl envelope 19. The lower layer 17 
the red range of the spectrum, Le., at a wave length of is preferably formed from a sheet of highly flexible 
approximately 660 nanometers through blood is sub- white opaque vinyl or similar material. The upper layer 
stantially affected by the amount of oxygenated nemo- 15 is preferably formed from a sheet of highly flexible 
globin present in the blood. The transmission of light in 5 transparent vinyl or similar material to enable light to be 
the infra-red range of the spectrum, i.e., at a wave transmitted from the die LEDs 5, 7, through the upper 
length of approximately 940 nanometers through blood envelope layer 15, and after passing through the body 
is substantially unaffected by the amount of oxygenated tissue, again through the upper envelope layer 15, to the 
hemoglobin present in the blood. Oximeters use this die photodetector 11. 

principal to alternately illuminate the blood through the 10 Disposed between the upper envelope layer 15 and 
skin tissue with light of the foregoing respective wave lower envelope layer 17 is a spacer 21 formed from a 
lengths. Hence, in accordance with the present inven- sheet of highly flexible white opaque vinyl or similar 
don, the LED 5 emits light in the red range at 660 run material of dimensions similar to the like dimensions of 
and the LED 7 emits light in the infra-red range at the upper envelope layer 15 and lower envelope layer 
approximately 940 nm. The die LEDs 5 and 7 include 15 17. The spacer 21 is provided with circular apertures 23 
no separate wire leads or package as found in conven- and 25 which are positioned in alignment with the die 
tional LEDs but only the light emitting elements which LEDs 5 and 7 and the die photodetector 11, respec- 
are die attached and wire bonded directly to suitably tively, as shown in FIG. 3. Polyvinylchloride (PVC) 
plated copper conductors 9 on the surface of the flexible has been found to be a suitable material for the envelope 
printed circuit board substrate 3 through which the die 20 19 and spacer 2L 

LEDs 5 and 7 are alternately energized. In the pre- A supporting spine member 27 may be disposed 
ferred embodiment of the invention, the copper conduc- within the envelope 19 between the flexible printed 
tors 9 are plated with 0.99999 pure neutral gold. Other circuit board substrate 3 and the lower envelope layer 
materials having similar conductivity may be employed. 17. The spine member 27 is preferably formed from a 
The substrate 3 can be in the form of a flexible circuit 25 malleable form sustaining material such as a thin sheet 
such as a commercially available Kapton flex circuit of metal. In the preferred embodiment of the invention, 
Also mounted on the flexible printed circuit board an aluminum spine having a shape congruent to that of 
substrate 3 at its opposite end is a die photodetector 11 the flexible printed circuit board substrate 3 is em- 
which is directly die attached and wire bonded to other ployed. 

copper conductors 9 for transmitting signals produced 30 Presence of the spine 27 permits the sensor appliance 
by the die photodetector 11 to an oximeter or other 1 to be held in place on the body member, e.g., finger, 
monitor (not shown) through a cable 13. Like the die simply by bending and pressing the spine member 27 
LEDs 5 and 7, the die photodetector 11 includes no about the member into a snug fit The form sustaining 
separate wire leads or package as found in conventional property of the spine 27, thereafter, maintains the sensor 
photodetectors but only the light detecting element, the 35 appliance 1 in place on die body member. In the absence 
two contacts of which are die attachment epoxy and of the spine member 27, it is necessary to use an adhe- 
wire bonded, respectively, directly to suitably plated sive or an external holding or clamping device to main- 
copper conductors 9 on the surface of the flexible tain the sensor appliance 1 in proper position without 
printed circuit board substrate 3 through which the movement to enable stable measurement to be accom- 
output signals produced by the die photodetector 11 are 40 plished. 

transmitted to the oximeter or monitor. The outer edges of the envelope 19, including upper 

The die LED 5 and 7, and the die photodetector 11 envelope layer 15 and lower envelope layer 17, and 
are covered with an encapsulating mound 12 formed spacer 21 are hermetically sealed about their peripheries 
from a glob-top epoxy, that is, a high viscosity epoxy 22. In the preferred embodiment of the invention the 
which does not flow beyond the area to which it is 45 seal is accomplished by RF welding. The envelope 19 is 
applied and hardens into a bead having a substantially also sealed about the cable 13 so that the flexible printed 
smooth and spherical exposed surface, which is trans- circuit board substrate 3 is encapsulated in a hermeti- 
parent to light having a wave length in the range of 660 cally impervious environment 

nanometers to 940 nanometers. The glob-top epoxy The result is a sensor appliance 1 which can be 
mound 12 forms a rigid protective shield which helps 50 readily cleaned or disinfected by wiping the surface 
stabilize the die LED 5 and 7, and die photodetector 11 with alcohol or another suitable sterilizing solution. The 
relative to the flexible printed circuit board substrate 3 structure of the sensor appliance 1 is robust and allows 
and which absorbs any external impact which may be repeated use. Conformability about small body mem- 
applied to the die LED 5 and 7 and die photodetector bers is enhanced by the low profile and reduced rigid- 
U* 55 ized length of the sensor appliance 1. 

Bonded to the underside of the substrate 3, immedi- When the malleable spine 27 is employed, it enhances 
ately beneath the LEDs 5 and 7, and die photodetector ambient light rejection in addition to supporting and 
11 are rigid supports 8 and 10. The supports 8 and 10 are maintaining the sensor appliance 1 in place on the body 
preferably made of a light weight rigid material, e.g„ a member. Moreover, with the spine member 27 holding 
rigid plastic or reinforced epoxy to provide local sup- 60 the sensor appliance 1 in place, controlled movement of 
port only in the areas of the LEDs 5 and 7, an die photo- the sensor appliance 1 can be made to obtain the posi- 
detector 11 to facilitate die attachment and wire bond- tion of most favorable signal response and the position 
ing without significantly compromising the flexibility of will be maintained with stability after the sensor appli- 
the substrate 3 and appliance 1 as a whole. ance 1 is released and while an additional adhesive or 

The flexible printed circuit board substrate 3 with the 65 non-adhesive wrap is applied, if required. The perimeter 
die LEDs 5 and 7, die photodetector 11, and suitably weld allows for a relatively small sensor appliance 1 
plated copper conductors 9 mounted on it is sand- since a large surface area is not required to hold the 
wiched between the upper and lower layers 15 and 17, structure together and prevent delamination. 
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It is to be understood and appreciated that alterations! 
modifications and variations of and to the preferred 
embodiment described herein may be made without 
departing from the spirit and scope of the invention 
which is defined in the following claims. 

What is claimed is: 

1. A sensor appliance adapted for removable attach- 
ment to a living body for non-invasively producing 
signals indicative of a condition of the body and apply- 
ing them to a monitoring or measuring device compris- 
ing: 

an elongated flexible base comprising a form sustain- 
ing material for maintaining the shape of said base 
when bent about the surface of a body member in 
conformance therewith for retention thereon, 

a sensor integrally bonded with a first surface of said 
base for stable disposition proximate said body 
member during retention thereon, 

and a signal conductor connected to said sensor and 
adapted for connection to said monitoring or mea- 
suring device. 

2. A sensor appliance according to claim 1 wherein 
said sensor comprises a die photodetector. 

3. A sensor appliance according to claim 2 further 
comprising an energy source bonded to said base, said 
sensor producing a signal in response to said energy. 

4. A sensor appliance according to claim 3 wherein 
said sensor is covered with a rigid encapsulating mate- 
rial transparent to the energy emitted by said energy 
source. 

5. A sensor appliance according to claim 4 wherein 
said rigid encapsulating material comprises a glob-top 
epoxy. 

6. A sensor appliance according to claim 4 wherein 
said sensor comprises means responsive to light having 
a wave length in the range of 660 nanometers to 940 
nanometers and said transparent rigid encapsulating 
material comprises a substance transparent to light in 
said range. 

7. A sensor appliance according to claim 1 wherein 
said base comprises a flexible substrate and a flexible, 
form sustaining spine comprising said material, and 
further comprising confining means for holding said 
substrate and said spine in close proximity. 

8. A sensor appliance according to claim 7 wherein 
said sensor is bonded to said substrate with a thermally 
conductive surface bonding agent. 



55,038 

6 

9. A sensor appliance according to claim 7 wherein 
said sensor is bonded to said substrate with an electri- 
cally conductive surface bonding agent 

10. A sensor appliance according to claim 9 wherein 
5 said surface bonding agent comprises a die attachment 

epoxy. 

11. A sensor appliance according to claim 7 wherein 
said confining means comprises a flexible sealed enve- 
lope. 

10 12. A sensor appliance according to claim 1 further 
comprising a rigid support mounted on a second surface 
of said base opposite said sensor. 

13. A sensor appliance adapted for removable attach- 
ment to a living body for non-invasively producing 

LS signals indicative of body tissue content and applying 
them to a monitor or other measuring device compris- 
ing 

an elongated flexible substrate adapted to be bent 
about the surface of a body member for confor- 
20 mance therewith and retention thereon, 

a source of energy integrally bonded with a first area 
on a first surface of said substrate for transmitting 
energy to the proximate body tissue, 

a sensor integrally bonded with a second area on said 
25 first surface of said substrate for stable disposition 
proximate said body member during retention 
thereon while receiving said energy transmitted by 
said energy source and affected by the proximate 
body tissue, 

30 a flexible sealed envelope in which said substrate is 
disposed and 

a signal conductor connected to said sensor and 
adapted for connection to said monitoring or mea- 
suring device. 

35 14. A sensor appliance according to claim 13 further 
comprising a malleable spine disposed in said envelope. 

15. A sensor appliance according to claim 14 wherein 
said malleable spine comprises a material opaque to said 
energy. 

40 16. A sensor appliance according to claim 13 wherein 
said substrate is substantially U-shaped having an inner 
surface comprising said first surface, said energy radiat- 
ing means and sensor means each being mounted on said 
inner surface in mutually facing relationship. 

45 17. A sensor appliance according to claim 13 further 
comprising a flexible spacer disposed between said sub- 
strate and said envelope and having respective aper- 
tures in alignment with said energy source and said 
sensor for permitting transmission of said energy from 

50 said energy source through said cover, to the tissue and 
then through said envelope to said sensor. 

* * ' * * 9 
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[57] ABSTRACT 

A reflection type oximeter comprises light emitting 
diodes (11 to 16) as first to sixth light sources which 
emit first and second beams of a wavelength involving 
a change in absorption due to a change an oxygen satu- 
ration of hemoglobin in blood of a tissue of a living 
body, third and fourth beams of another wavelength 
involving no change in absorption, and fifth and sixth 
beams of a further wavelength involving a relatively 
small change in absorption due to changes in a quantity 
of hemoglobin an oxygen saturation. The beams ae 
applied to the body tissue and the beams of the first to 
sixth light sources reflected by the body are received by 
a light receiving element (17). Intensities of the beams 
emitted from the light emitting diodes are set to prede- 
termined levels and the intensities of the beams received 
by the light receiving element are evaluated by a CPU 
(23). Based on a predetermined function, the quantity of 
hemoglobin and of the oxygen saturation of the body 
tissue are evaluated. The resulting values are displayed 
on a display portion (26) and printed by a printer (27). 

12 Claims, 7 Drawing Sheets 
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REFLECTION TYPE OXIMETER FOR APPLYING 
LIGHT PULSES TO A BODY TISSUE TO 
MEASURE OXYGEN SATURATION 

3 

FIELD OF THE INVENTION 

The present invention relates to a reflection type 
oximeter. More particularly, the present invention re- 
lates a reflection type oximeter in which light pulses are 
applied to a tissue of a living body to measure oxygen 10 
saturation or the like in an non-invasive manner based 
on light reflected from said body. 

BACKGROUND INFORMATION 

A conventional optical oximeter is known as an appa- 15 
ratus for measuring oxygen saturation in arterial blood 
based on light transmitted through the finger, the ear or 
the like of a person to be examined, when light is ap- 
plied thereto. 

U.S. Pat No. 2,706,927 discloses an apparatus for 20 
evaluating oxygen saturation based on measured values 
of absorbance of each of two different wavelengths in 
two states, i.e., a state in which the ear is pressed and 
congested and a state in which the pressure on the ear is 
relieved. The measured value in the congested state is 25 
baased on only absorbant components other than the 
blood and the measured value in the non-pressed state is 
based on both of the blood and the other absorbant 
elements. Therefore, the absorbance of only the blood 
should be indicated by camparing values read or mea- 30 
sured in the two states. However, the precision of the 
measured value would be lowered because all the blood 
cannot be removed by pressing the ear and because 
optical connections between the ear and the optical 
apparatus vary. In addition, the influence of the absor- 35 
bant components due to differences in color of the skin 
and the skin thickness, for example, can differ consider- 
ably dependent on the respective persons to be exam- 
ined and, accordingly, it is necessary to effect a calibra- 
tion for each person or each measured value. 40 

U.S. Pat No. 3,638,610, discloses how to avoid de- 
scribed defect by utilization of measured values of ab- 
sorbance based on a plurality of wavelengths of light. 
Similarly to all conventional apparatuses, the good re- 
sult obtained by the apparatus of U.S. Pat. No. 3,638,610 45 
depends on an increase of perfusion in the living body 
examined. For that reason, the perfusion in the living 
body is made to be as close as possible to the arterial 
blood as possible. The perfusion can be increased artifi- 
cially until an accurate result can be obtained. How- 50 
ever, such method is often unfavorable or very difficult 
dependent on the conditions of the person examined. 

Japanese Patent Laying-Open Gazette No. 
88778/1978 discloses an oximeter having the below 
described features. Light of one wavelength and light of 55 
another wavelength are applied successively to the 
fingers, the earlobes or other parts of a living body. The 
known oximeter comprises photodetector means which 
generates a first electric signal proportional to part of 
the light of a wavelength absorbed in such part of the 60 
body and generates a second electric signal propor- 
tional to part of light of another wavelength in that 
body part. When the heart sends a larger quantity of 
blood to the artery tissue than during a heart pause, a 
larger quantity of blood exists in that part of the body 65 
and accordingly the lights of the two wavelengths are 
more attenuated than during the heart pause. Conse- 
quently, the fust and second electric signals have peaks 



2 

of the maximum and minimum values in one pulse per- 
iod of the heart The difference of the maximum and 
minimum peak values entirely depends a pulsating cur- 
rent of blood, while the pulse period is not at all influ- 
enced by the absorbant component which attenuates 
light by a given quantity. 

However, a measurement is not permitted in a body 
part where an artery blood current is not obtained or in 
a body part where a cuvette necessary for detection of 
transmitted light cannot be attached. 

Japanese Patent Laying-Open No. 51785/1977 dis- 
closes a reflection type oximeter which can be attached 
to a part of a living body without a cuvette as is re- 
quired in the above described examples. However, the 
oximeter of Japanese Patent Publication 51785/1977 is 
used in principle for detecting of a pulsation component 
and accordingly it is impossible to make measurements 
if the pulsation component is not obtained. 

Japanese Patent Laying-Open No. 160445/1984 dis- 
closes an oximeter wherein a pulsation component of 
the artery blood current is detected as a change of a 
transmitted light component of the light applied to the 
tissue, whereby an oxygen saturation in the arterial 
blood is measured. Consequently, the following disad- 
vantages are involved. 

Such an oximeter is incapable of making measure- 
ments in a part or a state where a pulsation component 
does not exist. The measured results are only an oxygen 
saturation degree and a quantity of hemoglobin and the 
apparatus is incapable of measuring a tissue oxygen 
saturation including and providing information on ve- 
nous blood serving as an index representing metabolism 
of the tissue. Since the oximeter of Japanese Patent 
Publication 160445/1984 utilizes transmitting and ab- 
sorbing functions of the mechanism, it can be attached 
only to a part used as an optical cell. In addition, since 
a transmission path of light is not clearly known, it is not 
clear to which part (volume) the detected information 
pertains. Further, noise occurs due to sway or vibration 
of the sensor. 

SUMMARY OF THE INVENTION 

Therefore, it is a primary object of the present inven- 
tion to provide a reflection type oximeter which can 
overcome the above described disadvantages and 
which is capable of evaluating functions of the lung or 
the heart of a living body or a state of oxygen supplied 
to the tissue of the body, and capable of continuously 
monitoring conditions of a patient for a long period. 

The present invention performs its operation by the 
combination of the following features. First and second 
beams of a wavelength subjected to a change in absor- 
bance due to a change in oxygen saturation of hemoglo- 
bin in blood of tissue of a living body, third and fourth 
beams of another wavelength not subjected to any 
change in absorbance, and fifth and sixth beams of a 
further wavelength subjected to a relatively small 
change in absorbance due to changes in a quantity of 
hemoglobin and oxygen saturation, are applied to the 
tissue of the body, and light receiving means receives 
the first to sixth beams reflected from the tissue of the 
body. Intensities of the respective outputs of the light 
receiving means are evaluated and, based on a predeter- 
mined function, the quantity of hemoglobin in the tissue 
is calculated and the result of the calculation is output- 
ted. 



09/29/2003, EAST Version: 1.04.0000 



4,867,557 

• 23TSS: Srl=^e^e^ BRIEF DESCRIPTION OF THE DRAWINGS 

tional non-invasive type oximeters, such as the ability of FIG. 1 is a schematic block diagram of an embodi- 

measuring in a body pan where a pulsation component ment of the present invention. 

does not exist, measurements limited only to oxygen 5 FIG. 2A is a plan view of a sensor portion shown in 

saturation in an artery, noise due to sway or vibration of FIG. 1. 

a sensor, and the ability of measuring without an optical FIG. 2B is a sectional view taken along the line II- 

cuvette because of an optical transmission method. Ac- B— IIB shown in FIG. 2A. 

cordingly, the oximeter of the present invention is capa- FIG. 3 is a timing chart for detection of the intensities 

ble of evaluating lung functions, heart functions, the 10 °f beams reflected from an object to be measured, said 

state of oxygen supplied to tissue, and other data in beams having wavelengths XI, X2 and A3, 

examinations of anesthesiology, dermatology, pediatrics FIG. 4 is a diagram showing data stored in a RAM 

etc., and is also capable of continuously monitoring shown in FIG. 1. 

conditions of a patient for a long period. FIGS - 5 to 7 are flowcharts for explaining the actual 

In a preferred embodiment of the present invention, a 15 operation of the embodiment of the present invention, 

calibration mode and a measurement mode can be se- Particularly, FIG. 5 shows a data sample subroutine, 

lected and when the calibration mode is selected, a no - 6 * ows a calibration mode, and FIG. 7 shows a 

voltage to be applied to light source means is set so that measurement mode. 

the intensity of light emitted from the light source DESCRIPTION OF THE PREFERRED 

means is within a predetermined range. EMBODIMENTS AND OF THE BEST MODE OF 

According to the above-mentioned preferred em- THE INVENTION 

bodiroent of the present invention, the intensity of light , . OT „ „ A „ ^ . * , 

emitted from the light source means is calibrated prior Fust ? eferrm « t0 "£ S t ™* 2 *: a P nncl P le . of *• 

to measurement and a quantity of hemoglobin in the „ P resen * mventton will be described. A sensor portion 10 

tissue of the body can measured more Lcurately. 23 ~ mP ^ a , ^ * "Jf 5 S ' lur°^ Ught 

In another preferred embodiment of the present in- £^ h U ? c ll8ht «T* Pi % f °* nh hght t f urce a 

vention, assuming that intensities of the first, second, ! T Tfn * 

third, fourth, fifth and sixth beams reflected from the ."^KSSSlSi n Si t 

tissue are PI, P2, P3, P4, P5 and P«, the quantity of w ^S-SZS £n *h ? °h h 

. . , , A j . M J 30 ceramic substrate 100. Light emitting diodes are used as 

hemoglobin m the tissue is calculated by: ^ first tQ ^ light u {0 * 6 The Ught ^ 

Cl [log (P3/P4)p+C2 log (P3/P4)+Q ? T* ^ ° f i™^ 11 X > < f ° r 

example, 660 nm), the absorbance of which is considera- 

where Cl, C2 and C3 are correction values. « SS^l*? °^ 8e L"5 e °Y ge °* tura . ti ° n ? 

In addition, in a further preferred embodiment of the 33 th F e Wood The light emittmg d.odes 13 and 14 emit hght 
present invention, the light souree means is formed by ? { a wavd «?^ h ^ (for example, 805 nm), the ab^r- 
first to sixth light sources emitting the first to sixth ^ce of which undergoes substantially no change due 

beams, respectively, and the first, Aird and fifth light 1%™% ^/f °". ? £ m ? el6bm - 

* n »*ZL :,;„_„ - ... ' The light emitting diodes 15 and 16 emit light of a wave- 

™ ^ ^ ,JT « length ^ (for example, 940 nm). the absorbance of 

hi* £ r 8 h ? J^™^?. "MA is changed to a relatively small extent due to 
tence dl. while the second, fourth and suth light changes in the S X y gen saturation of hemoglobin and the 

r ,h . w P ° Slt,0n t d,St8nt ST - 6 C h 6 T quantity of hemoglobin. The light emittingdiodes 11, 13 

of the light receiving means by a predetermined dis- md 15 ^ , ocaU £ al po^n/apart fr0I £ the ccnter of 

tance d2, with a relation of dl <d2 being maintained. 45 the Ught receiving element 17 by a distance dl and ^ 

in (mother aspect of the present invention, first and Kght emitting diodes 12, 14 and 16 are located at posi- 

second beams of a wavelength subjected to a change in tions apart from the center of ^ Ught rece iving ele- 

absorbance due to a change in oxygen saturation of ment 17 by a ^ with a relation of dl<d2 

hemoglobm in the blood of the tissue of a living body, being mamta ined. 

third and fourth beams of another wavelength not sub- 50 There is provided a light interception wall 19 which 
jected to any change in absorbance, and fifth and sixth surrounds the light sources 11 to 16, the light receiving 
beams of a further wavelength subjected to a relatively element 17, and the preamplifier 18. The wall 19 sepa- 
small change in absorbance due to a change in oxygen ra tes the light sources 11 to 16 from the light receiving 
saturation are applied to the tissue of the body and the element 17 for preventing an incidence of external light 
first to sixth beams relected therefrom are detected, 55 on the Hght receiving element 17 and to prevent direct 
whereby intensities of the respective beams are evalu- application of light from the light sources 1 to 16 to the 
ated and the oxygen saturation of the tissue is evaluated light receiving element 17. The partition wall which 
based on a predetermined function. separates the light sources 11 to 16 from the light re- 

Consequently, according to this aspect of the inven- cciving element 17 has a thickness of 0.5 mm or less for 
tion, it becomes possible to measure the oxygen satura- 60 example and a height of about 0.8 mm for example. The 
tion in a body part not containing a pulsation compo- wall 19 also prevents resin material 101 (of epoxy, ure- 
nent, which could not be measured in a conventional thane, silicone or the like) introduced onto the light 
apparatus. sources 11 to 16 and the light receiving element 17 from 

These objects and other objects, features, aspects and flowing outside the wall. A relay electrode 102 is 
advantages of the present invention will become more 65 formed between the light sources 11, 13 and 15 and the 
apparent from the following detailed description of the light sources 12, 14 and 16. The relay electrode 102 
present invention when taken in conjunction with the comprises a copper film formed on the black ceramic 
accompanying drawings. substrate 100 and it distributes electric power supplied 
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from outside the sensor portion 10, to the respective the equation (3). If, for example, the distance dl (be- 
light sources 11 to 16. Electric current is supplied from tween the light sources 11, 13 and 15 and the light re- 
the relay electrode 102 to the respective light sources 11 ceiving element 17) is set to obtain, as the component of 
to 16 through boding wires 103 and the current is fed the first layer 40, information of a capillary layer liable 
back through a printed circuit for example formed on 5 to cause disturbance in the bloodstream when it is 
the black ceramic substrate 100. pressed by the sensor attached and the distance 62 (be- 
A detailed description of the transmission of tight in tween the light sources 12, 14 and 16 and the light re- 
tire sensor portion 10 thus constructed, is given for ceiving element 17) is set to obtain, as the component of 
example in a document "Photon Diffusion Theory" the second layer 50, information of a bottom of blood 
published by Takaya et al. This theory summarized as io hardly subjected to disturbance when it is pressed by 
follows. The sensor portion 10 is attached to a part of a ^ Q attached sensor, an artifact due to disturbance in the 
human body, for example a fingertip, and the light bloodstream, which was a problem to be solved in the 
sources 11 to 16 are caused to emit beams successively, prior ^ can be rem0V ed. 

so that a plurality of light sources may not emit beams At ^ tmiej skm ^ considered as being 

concurrently. The beams emitted by the tight sources 15 m ^ first layer 40 and the problem of an 

*hf* T 16 }* ? C W receiv Jf S ^HT™ 1 } 7 individual difference such as a difference in the color of 

ditW and reflect^ ^ gki ^ ^ b app]ying the above 

the light receiving element 17 as shown by arrows in descri bed nrincinle 

FIG. 2B. Intensities of the beams received in the tight ^^ the P above described principle * ^ ap . 

receivmg element^ 7 are^ ^^^J^^/f' 20 Ued „ ^two groups of tight sources 13, 14, 15 and 16 

The beams emitted by the light sources 12, 14 and 10 £ . . ° *^ 0 ' 

distant from the light receiving element 17 are also ^vmgthe*^ 

diffused and reflected in the tissue of the body and reach equations are obtained. 

the light receiving element 17. Intensities of the beams 

thus received are represented as P2, P4 and P6. The 2 5 = — < 4 > 

intensities PI, P3 and P5 and the intensities P2, P4 and w J2 . 021 . 022 

P6 are obtained through different transmission paths n'-aZ\ (5) 

and include different types of information. Let us con- TT = n . o3i • a32 

sider the paths of the reflected beams referring to FIG. 

2B. Transmission of the beams is specifically applied 30 In addition, if 12' =12 and 13' =13, the following equa- 
according to the above described photon diffusion the- tions are obtained, 
ory and the intensities of P2, P4 and P6 represent infor- 
mation from a deeper part than the information of the 

intensities of PI, P3 and P5. Therefore, as shown in -g- = ^fe" • - "^T 

FIG. 2B, it is assumed that a region sampled by the 35 
intensities of the received beams PI, P3 and P5 is a first * j^ USj j t & understood that the problem of an artifact 
layer 40, that a region sampled by the intensities of the influenced by a disturbance in the bloodstream the 
received beams P2, P4 and P6 is a second layer 50, and pro blem of an individual difference in the skin, can be 
that characteristics given at the time of transmission of rem0 ved in the same manner as in the case of the wave- 
the beams in the respective layers are represented as ^ 

all and al2. It is assumed in this case that the charac- It ^ ind ' icated by Takayama et al. for example that the 
teristics all and al2 depend on the transmission, ab- quant ity of hemoglobin (Hbr) in the tissue of the living 
sorption or scattering of the beams from the tight M b obtained m ^ following manner, 
sources, hemoglobin existing in the tissue and the like. If 

intensities of the beams emitted from the light sources 45 #67~o[ta(i/K)] 2 +C2Pn(i//i)]+C3 (7) 
11 and 12 are represented as II and II', respectively, the 

received light amounts PI and P2 are represented in the wn ere R is an intensity of light reflected from the tissue, 
following simplified manner: having a wavelength not causing any change the absor- 

bance due to a change in the oxygen saturation of hemo- 
S0 globin, and wherein CI, C2 and C3 are coefficients set 
at the time of calibration. Now, if the principle of the 
present invention is applied to the above described 
If a ratio between the intensities of the received equation (7), the following equation (8) can be consid- 
bearas PI and P2 is considered, it is represented by the ered - 

following equation (2). 55 [log (ra/M)]2+ra ^ (ra/w))+OJ „ 

-S- - h /1 'ii C "» (2) where D1.D2 and D3 are coefficients set at the time of 

calibration. 

If I1«I1\ that is, the intensities of the emitted beams 60 From the above-mentioned equation (8), it becomes 

are equal, the above stated equation (2) is represented P°**le to determine and measure ^quantity of he- 

by the following equation (3) mog obm (Hbr) m the tissue of the living body by re- 

J ° ^ moving the artifact caused by a disturbance m the 

rt/Pi = l/al2 (3) bloodstream due to the pressure of the sensor attached, 

63 or due to the individual difference in the color of the 

According to the equation (3), the component of the skin, 

first layer 40 is removed. This means that only the com- The oxygen saturation (S027) of the tissue is expressed 

ponent of the second layer 50 is detected according to by the following equation (9). 



!— ^ _l_ (6) 



rt=/lall 

P2=A'-all.al2 (1) 
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operation of the embodiment of the present invention. 
(9) Particularly, FIG. 5 shows a data sample subroutine; 
Scar » A - a x log \ |/io 8 1 -g4SM MO- $ shows the calibration mode; and FIG. 7 shows 

V. Km ) \ ) the measurement mode. 

3 Referring now to FIGS. 1 to 7, an actual operation of 
where A and B are coefficients set at the time of calibra- the embodiment will now be described. First, the steps 
tion. In this case also, the theory represented by the SP1 to SP24 shown in FIG. 5 are procedures sampling 
above-mentioned equation (6) is applied and it becomes the intensities of the beams of the wavelengths XI, X2 
possible to make stable measurements by removing the and X3 transmitted through the object to be examined 
artifact caused by a disturbance in the bloodstream by 10 and storing the sampled intensities in areas 241 to 246 of 
pressure of the attached sensor of by the individual the RAM 24. 

difference of the color of the skin. More specifically, in the step SP1, the CPU 23 reads 

In the following, the embodiment of the present in- data of a drive vditoge y L1 of the first light source 11 
vention wdl be described based on the above described ^ a storage ^ 256 of the ram ^ ghown m 

principle. 15 FIG. 4 and supplies the data to the D/A converter 22. 

Referring to FIG 1 showing an embodiment of the The D/A converter 22 converts the data of the voltage 
invention with a reflection type oximeter comprising a to M ^ ^ ^ SQ Ues it to the ^ swit * h 
s^isor poruon 10 described above with reference to 21 ^ ^ ^tch 21 receives the clock signal 
FIGS 2A and 2B, and a measurement processing por- ASCLK1 hQwn (i) f FIQ 3 f ^ f 
Uon 20. The sensor portion 10 comprises the first to 20 omnmfnr « T « th* qp? a* o«1i™ h :„ 

sixth light sources 11 to 16, the light receiving element £S£ ^.^S^Sm^a^^^I h 
17 and the preamplifier 18 as described above. The light T^^ZV^' V cl °**&f ASCLK1 and 
sources 11 to 16 are driven by the measurement process. n to th * h * ht ™™ U - ^ e analog voltage 

ing portion 20 so that they emit light successively by " *° nverted £ the D/A converter 22. Then, the 

pulse operation. 25 fir8t **** " "T S „ *!! ^ C °T 

The measurement processing portion 20 comprises a s P? nd + in « ? * e dnv< T ™ lta 8* V Ll and applies it to the 
central processing unit (CPU) 23 as evaluation means. 0D £r 50 £ *?*?^ cc t , , , . 
The CPU 23 supplies, to a D/A converter 22, data for ™ e ^«ed "ghtjs reflected by the object 50 and is 
controlling intensities of light pulses emitted from the rece ! vc d b * the h ^ receivmg element 17. The light 
light sources 11 to 16. The D/A converter 22 converts 30 reiving element 17 converts the received light to an 
the data to an analog signal, which is supplied to an electnc S1 & nal and su PP lies lt to tfa e amplifier 34 through 
analog switch 21. The analog switch 21 comprises six the Preamplifier 18. The amplifier 34 amplifies the signal 
switching elements which are operated by clock signals and ^PP 1 "* * .to the LOG converter 33 so that it is 
ASCCKL1, 2, 3, 4, 5 and 6 supplied by a clock genera- loganthmically converted. The logarithmically con- 
tor 31, so that an output of the D/A converter 22 is 35 verted voltage is supplied to the D/A converter 32. The 
supplied to the light sources 11 to 16. An output of the clock si 8 nal ADCLK as shown in (g) of FIG. 3 is ap- 
light receiving element 17 is supplied to an amplifier 34 P hed from clock generator 31 to the A/D converter 
through the preamplifier 18, so that it is amplified. An 32 - Accordingly, in the step SP3, the A/D converter 32 
output of the amplification is supplied to a LOG con- converts the analog output of the LOG converter 33 to 
verter 33 so as to be logarithmically converted. An 40 a digital output based on the clock signal ADCLK. The 
output of the LOG converter 33 is sampled by an A/D di S ital output is supplied to the CPU 23 through the I/O 
converter 32 and outputted as a digital signal. The digi- P ort 29 - In the ste P SP4 » the CTU 23 reads the output of 
tal signal is supplied to the CPU 23 through an I/O port * e conversion and stores it as PI in the area 241 
29. The A/D converter 32 receives a clock signal of *e RAM 24. 

ADCLK from the clock generator 31. The I/O port 29 45 Similarly, the CPU 23 reads data of a drive voltage 
is connected with a buzzer 30. The buzzer 30 is used to v " of tne second light source shown in (b) of FIG. 3 
issue an alarm when a result is measured that considera- stored in the area 257 of the RAM 24 and supplies it to 
bly deviates from a normal value. tne analog switch 21 through the D/A converter 22. 

Further, the CPU 23 is connected with a RAM 24, a The clock signal ASCLK2 as shown in Q) of FIG. 3 is 
ROM 25, a display portion 26, a printer 27, and an 50 applied by the clock generator 31 to the analog switch 
operation portion 28. The RAM 24 stores various data 21. Accordingly, in the step SP6, the analog switch 21 
as shown in FIG. 4 as described later. The ROM 25 is turned on based on the clock signal ASCLK2 to 
stores programs based on flowcharts shown in FIGS. 5 supply the drive voltage Vli to the second light source 
to 7. The display portion 26 displays a result of evalua- 12. Then, the second light source 12 emits light of an 
tion of the CPU 23 and the printer 27 prints the result of 55 intensity corresponding to the drive voltage Vu. and 
evaluation. applies it to the object 50 to be examined. The emitted 

The operation portion 28 includes an alarm LED 281, light of the wavelength XI is reflected by the object 50 
a calibration key 282, a start key 283 and a print key 284. and is received by the light receiving element 17. 
The alarm LED 281 displays an alarm when a result of The light receiving element 17 photoelectrically con- 
calculation has a low reliability. The calibration key 282 60 verts the received light and supplies it to the amplifier 
is used to set a calibration mode. The start key 283 34 through the preamplifier 18. The output of the ampli- 
instructs a start of a measuring mode and the print key Fier 34 is logarithmically converted by the LOG con- 
284 instructs a printout of the result of calculation. verter 33 in the same manner as described above and is 

FIG. 3 is a timing chart for detection of intensities of supplied to the A/D converter 32. In the step SP7, the 
the beams of the wavelengths XI, X2 and X3 transmitted 65 A/D converter 32 starts an A/D conversion based on 
through an object to be measured. FIG. 4 is a diagram the clock signal ADCLK from the clock generator 31. 
showing data stored in the RAM shown in FIG. 1. An output of the A/D conversion is supplied to the 
FIGS. 5 to 7 are flowcharts for explaining an actual CPU 23 through the I/O port 29. In the step SP8, the 
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CPU 23 reads the output of the A/D conversion and tutes Pl f P2, P3, P4, P5 and P6 stored in the areas 241, 

stores it as P2 in the area 242 of the RAM 24. Subse- 243, 244 and 246 of the RAM 24 into the above indi- 

quently, the CPU 23 performs the operations steps SP9 cated equation (9) to evaluate the oxygen saturation 

to SP24, in which the CPU 23 drives the third to sixth Sqit of the body tissue. The quantity of hemoglobin 

light sources 13 to 16 based on data of the drive voltages 5 Hbr and the oxygen saturation Sqit of hemoglobin in 

Vu to Vl6 stored in the areas 258 to 261 of the RAM 24 the body tissue determined by the evaluation operations 

and stores the data as P3 to P6 in the areas 243 to 246, are displayed on the display portion 26. If the print key 

respectively, based on the output of the light receiving 284 is operated in this case, the results of the evaluation 

element 17. Hbr and Scar are printed by the printer 27 in the step 

Now, the calibration mode shown in FIG. 6 will be 10 SP65. The buzzer 30 issues an alarm when the results of 

described. The calibration mode is started when the measurement become lower than predetermined levels 

power supply of the apparatus is turned on or when the when the patient is being monitored, 

operation performed in the measuring mode shown in As described above, according to the embodiment of 

FIG. 7 as described below is brought to an end. In the the present invention, light pulses of the wavelength the 

step SP31, the CPU 23 displays the calibration mode on 15 absorbance of which is considerably changed by a 

the display portion 26. This display serves to indicate change in the oxygen saturation of hemoglobin in the 

that the calibration mode is selected and it also provides blood of the body tissue and the light pulses the absor- 

an instruction to the operator for attaching the sensor bance of which is not changed, and the light pulses the 

portion 10. According to this instruction, the operator absorbance of which is changed to a small extent by 

of the apparatus attaches the sensor portion 10 to the 20 changes in the quantity of hemoglobin and the oxygen 

object 50 to be examined. Then, in the step SP32, the saturation are applied at the predetermined levels from 

CPU 23 waits until the calibration key 282 is operated. the positions near the light receiving portion and the 

When the calibration key 282 has been operated, the position a little distant therefrom, and the light pulses 

CPU 23 proceeds to step SP 33 to execute the data reflected through the tissue are detected, whereby the 

sample subroutine shown in FIG. 5. 25 oxygen saturation of hemoglobin in the blood of the 

The CPU 23 measures the data PI to P6 m times and tissue and the quantity of hemoglobin are evaluated 
stores these data. Based on these data stored in the area based on the predetermined functions. Consequently, it 
255 of the RAM 24 average light data PM1 to PM6 are becomes possible to solve various problems that are 
obtained by averaging the stored data m times .The data present in the conventional non-invasive oximeters, 
PM1 to PM6 are stored in areas 262 to 267 of the RAM 30 such as the inability of measuring in a part where a 
24. Further, the CPU 23 stores the values of PM1 to pulsation component does not exist, or measurements 
PM6 in the areas 247 to 252 of the RAM 24 as POl to limited only to the oxygen saturation in an artery, or the 
P06 in the step SP34. Then, the CPU 23 executes the occurrence of noise due to sway or vibration of a sen- 
steps SP35 to SP57, in which the drive voltages V^t to sor, or the inability of measuring without an optical 
Vl6 applied to the first to sixth light sources 11 to 16, 35 cuvette for an optical transmission method. Therefore, 
are regulated so that POl to P06 are set between the the present invention makes it possible to evaluate lung 
light data Pj^and ¥min(Pmax>?min) stored in the functions, heart functions, conditions of oxygen sup- 
areas 253 and 254 of the RAM 24, respectively. plied to the body tissue, and other data in examinations 

More specifically, in the step SP35, if POl is larger of anesthesiology, dermatology, pediatrics, or the like, 

than ?max, the CPU proceeds to the step SP36 to set 40 and to continuously monitor a patient over a long per- 

the drive voltage Vu to a small value. Then, the steps iod of time. 

SP33 and SP34 are executed again and it is determined Although the present invention has been described 

in the step SP35 whether POl is larger than Vmax* If and illustrated in detail, it is clearly understood that the 

POl is not smaller than Pma x> the CPU 23 proceeds to same is by way of illustration and example only and is 

the step SP37 to determine whether POl is smaller than 45 not to be taken by way of limitation, the spirit and scope 

Pamv. If POl is smaller than Pm/m the value of the of the present invention being limited only by the terms 

drive voltage Vl\ is increased in step SP38 and then the of the appended claims. 

CPU 23 returns to the above-mentioned step SP33. What is claimed is: 

These operations are repeated to regulate the drive L A reflection type oximeter comprising: beam 

voltage Vl\ so that POl is set between Pat/l^ and Pm/m SO source means including first to sixth beam sources (11 to 

Subsequently, the operations of steps SP39 to SP58 16) for emitting first to sixth beams and applying said 

are executed and the drive voltages Vu to Vu are beams to a living body tissue, wherein first and second 

regulated so that P02 to P06 are set between Pjwajand beams have a wavelength involving a change in absor- 

Pm/jv. Then, the finally set drive voltages Vu to Vl6 bance due to a change in an oxygen saturation of hemo- 

are stored in the areas 257 to 261 of the RAM 24. 55 globin in blood of said body tissue, wherein third and 

Then, the operator attaches the sensor portion 10 to a fourth beams have another wavelength involving no 

part to be examined, for example, a fingertip and oper- change in absorbance, and wherein fifth and sixth beams 

ates the start key 283, whereby the CPU 23 proceeds to have a further wavelength involving a relatively small 

the measuring mode shown in FIG. 7. More specifi- change in absorbance due to changes in a quantity of 
cally, in step SP61, the above described data sample 60 hemoglobin and in an oxygen saturation, beam receiv- 

subroutine shown in FIG. 5 is executed and PI to P6 ing means for detecting said first, second, third, fourth, 
based on the light pulses received from the first to sixth fifth and sixth beams reflected from saidtissue, wherein 
light sources 11 to 16, reflected on the part to be exam- said first, third and fifth beam sources are located at 

ined, are stored in the areas 241 to 246 of the RAM 24. positions distant from a center of said beam receiving 
Then, the CPU 23 substitutes P3 and P4 stored in the 65 means by a predetermined distance dl, and wherein said 
areas 242 and 245 of the RAM 24 into the above-men- second, fourth and sixth beam sources are located at 
tioned equation (8) and evaluates the quantity of hemo- positions distant from the center of said beam receiving 
globin Hbr. Further, in step SP63, the CPU 23 substi- means by a predetermined distance d2, with a relation 
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of dl <d2 being maintained, evaluation means for eval- 
uating intensities of said first, second, third, fourth, fifth 
and sixth beams reflected by said body tissue based on 
an output of said beam receiving means and for evaluat- 
ing the quantity of hemoglobin in said body tissue based S 
on a predetermined function, and output means (26, 27) 
for outputting results of the evaluation of said evaluat- 
ing means. 

2. The reflection type oximeter of claim 1, further 
comprising mode selection means (282, 283) for select- 10 
ing between a calibration mode wherein a calibration is 
performed to set the intensities of the beams emitted 
from said beam source means within predetermined 
ranges, and a measuring mode wherein a quantity of 
hemoglobin in said body tissue is evaluated by said 15 
evaluation means. 

3. The reflection type oximeter of claim 2, further 
comprising voltage setting means (21, 22) for setting a 
voltage to be applied to said beam source means in 
response to selection of the calibration mode by said 20 
mode selection means, to cause the intensities of the first 

to sixth beams emitted from said beam source means to 
be within said predetermined ranges. 

4. The reflection type oximeter of claim 1, further 
comprising means (23) for calculating an average value 23 
of signals of each of said first to sixth beams received by 
said beam receiving means, said average being calcu- 
lated a plural number of times, said evaluation means 
including means for evaluating the quantity of hemoglo- 
bin in said body tissue based on said average value and 30 
a predetermined function. 

5. The reflection type oximeter of claim 1, wherein 
said evaluation means comprises means for evaluating 

the quantity of hemoglobin in said body tissue by 
the expression: 35 

Cl[log <P3/P4)1 2 +C2 log (P3/P4)+C3 

wherein PI, P2, P3, P4, P5 and P6 are the intensities of 
the first, second, third, fourth, fifth and sixth beams 40 
reflected from said body tissue, respectively, and CI, 
C2 and C3 are correction values. 

6. A reflection type oximeter comprising: beam 
source means (11 to 16) including first to sixth beam 
sources for emitting first to sixth beams and applying 45 
said beams to a living body tissue, wherein first and 
second beams have a wavelength involving a change in 
absorbance due to a change in an oxygen saturation of 
hemoglobin in blood of said body tissue, wherein third 
and fourth beams have another wavelength involving 50 
no change in absorbance, and wherein fifth and sixth 
beams have a further wavelength involving a relatively 
small change in absorbance due to changes in a quantity 

of hemoglobin and in an oxygen saturation, beam re- 
ceiving means (17) for detecting said first, second, third, 55 
fourth, fifth and sixth beams reflected from said tissue, 
wherein said first, third and fifth beam sources are lo- 
cated at positions distant from a center of said beam 
receiving means by a predetermined distance dl, and 
wherein said second, fourth and sixth beam sources arc 60 
located at positions distant from the center of said beam 
receiving means by a predetermined distance d2, with a 
relation of dl<d2 being maintained, evaluation means 
(23) for evaluating intensities of said first, second, third, 
fourth, fifth and sixth beams reflected by said body 65 
tissue based on an output of said beam receiving means 
and evaluating the oxygen saturation of said body tissue 
based on a predetermined function, and output means 
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(26, 27) for outputting results of the evaluation by said 
evaluation means. 

7. The reflection type oximeter of claim 6, further 
comprising mode selection means for selecting between 
a calibration mode wherein a calibration is performed to 
set the intensities of the beams emitted from said beam 
source means within predetermined ranges, and a mea- 
suring mode wherein an oxygen saturation of said body 
tissue is evaluated by said evaluation means. 

8. The reflection type oximeter of claim 7, further 
comprising 

voltage setting means (21, 22) for setting a voltage to 
be applied to said beam source means in response to 
selection of the calibration mode by said selection 
means, to cause the intensities of said first to sixth 
beams emitted from said beam source means to be 
within said predetermined ranges. 

9. The reflection type oximeter of claim 6, further 
comprising means (23) for calculating an average value 
of signals of each of said first to sixth beams received by 
said beam receiving means, said average being calcu- 
lated a plural number of times, said evaluation means 
including means (23) for evaluating the oxygen satura- 
tion of said tissue based on said average value and said 
predetermined function. 

10. The reflection type oximeter of claim 6, wherein 
evaluation means comprises means for evaluating the 

oxygen saturation of said body tissue by the expres- 
sion: 



wherein PI, P2, P3, P4, P5 and P6 are the intensi- 
ties of the first, second, third, fourth, fifth and sixth 
beams reflected from said body tissue, respectively, 
and A and B are correction values. 
11. A reflection oximeter comprising: beam source 
means including first to sixth beam sources for emitting 
first to sixth beams and applying said beams to a living 
body tissue, wherein first and second beams have a 
wavelength involving a change in absorbance due to a 
change in an oxygen saturation of hemoglobin in blood 
of said body tissue, wherein third and fourth beams 
having another wavelength involving no change in 
absorbance, and wherein fifth and sixth beams have a 
further wavelength involving a relatively small change 
in absorbance due to changes in a quantity of hemoglo- 
bin and in an oxygen saturation, beam receiving means 
for detecting said first, second, third, fourth, fifth and 
sixth beams reflected from said tissue, wherein said first, 
third and fifth beam sources are located at positions 
distant from a center of said beam receiving means by a 
predetermined distance dl, and wherein said second, 
fourth and sixth beam sources are located at positions 
distant from the center of said beam receiving means by 
a predetermined distance d2, with a relation of dl<d2 
being maintained, setting means for setting intensities of 
the beams emitted from said beam source means to 
predetermined levels, evaluation means for evaluating 
intensities of said first, second, third, fourth, fifth and 
sixth beams reflected by said body tissue based on an 
output of said beam receiving means and for evaluating 
the quanity of hemoglobin and the oxygen saturation of 
said body tissue based on a predetermined function, and 
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output means for outputting results of the evaluation by 
said evaluation means. 

12. The reflection type oximeter of claim 11, wherein 
said intensities of the first, second, third, fourth, fifth 
and sixth beams reflected from said body tissue are 
represented as PI, P2, P3, P4, P5 and P6, respectively, 
wherein said evaluation means evaluate the quantity of 
hemoglobin of said tissue by the expression: 

OPog (P3/P4)] 2 +C2 log (P3/P4)+C3 



14 



where CI, C2 and C3 are correction values, and 
wherein said evaluation means evaluates the oxygen 
saturation of said tissue by the expression: 



A - B 



10 



where A and B are correction values. 
• • * * * 
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(57) ABSTRACT 

Invasive medical catheters with distal end assemblies having 
a protective surface coating bonded thereto are constructed 
by applying a hydrophilic primer to at least a portion of a 
tubular polymer body. The primer coating chemically bonds 
to the polymer substrate by developing covalent bonding or 
cross linking with the substrate. A plurality of printed 
electrode elements are then formed on the polymer body, 
e.g., by a pad printing process. Once the primer coating is 
bonded to the polymer body, the assembly is coated with a 
regenerated cellulose layer, e.g., by a viscose process well 
known in the art. The primer coating, already bonded to the 
catheter body, is then bonded with the regenerated cellulose 
at an elevated temperature. After curing, the polymer body, 
primer coating and regenerated cellulose layer become a 
single composite material, thereby preventing the regener- 
ated cellulose coating from any movement relative to the 
polymer body, and providing a secure protective layer over 
the electrodes. 

14 Claims, 4 Drawing Sheets 
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CATHETER DISTAL END ASSEMBLIES 
WITH BONDED SURFACE COATINGS 

This application is a continuation of Ser. No. 09/032,707 
Feb. 27, 1998 U.S. Pat. No. 6,097,976. 

FIELD OF THE INVENTION 

The present invention relates generally to invasive diag- 
nostic and therapeutic medical catheter assemblies and, 
more particularly, to distal end surface coatings used on such 
assemblies. 

BACKGROUND 

Conventionally, external components located on invasive 
medical catheters, such as an electrode or thermocouple, are 
manually placed on the catheter body — e.g., in the form of 
wound coil or a conductive band. The components are 
typically held in position with an adhesive, a process which 
is relatively time consuming and expensive. 

One notable problem with this construction is that if an 
external component is not properly fit onto the catheter body, 
small openings and crevices at the edges of the component 
may be formed, allowing for the ingress and retention of 
bodily fluids or tissue during use. Additionally, this tradi- 
tional catheter-electrode construction can result in undesir- 
ably high electrode edge effects caused by the sharp transi- 
tion between the conductive electrode band and the 
immediately adjacent non -conductive catheter body. 

Further, because the electrode components come into 
direct contact with a patient's blood stream and body tissues 
during use, non-biocompatible (i.e., toxic) materials other- 
wise having advantageous characteristics for use in an 
externally mounted electrode, including silver or lead, can- 
not be used. 

Therefore, a need has existed for an improved external 
electrode constructions for invasive medical catheters. 

Such improvements are disclosed and described in U.S. 
Pat. No. 5,991,650, which is fully incorporated herein by 
reference for all it discloses and describes. As disclosed 
therein, a metal-based conductive ink is used to form exte- 
rior electrodes on a non-conductive polymer catheter tubing 
by processes such as pad printing, vapor deposition, ion 
beam assisted deposition, electroplating or other printed 
circuit manufacturing processes. Preferred ink materials 
include a silver/silver chloride filled polyurethane composite 
ink that is flexible and highly electrically conductive after 
the polyurethane is cured. The printed ink electrodes are 
then covered with an electrically conductive outer coating, 
preferably formed from a material comprising regenerated 
cellulose. 

The regenerated cellulose coating secures the underlying 
electrode structures onto the catheter, while still enabling 
electrical contact between the electrodes and surrounding 
body tissue structures. One advantage of using regenerated 
cellulose for the protective coating is that regenerated cel- 
lulose is ion-permeable, thereby allowing ionic transfer of 
electrical energy from the electrodes into the patient's 
bloodstream and/or body tissue, while preventing 
macromolecules, such as blood proteins, from contacting the 
printed electrode material during use. 

Additionally, because the regenerated cellulose surface 
coating produces a smooth outer surface to the distal end 
assembly, lead wires and temperature sensing devices can be 
bonded to the exterior surface of electrodes and then coated 
to produce a smooth outer surface, thus providing a simple, 
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inexpensive manufacturing method for the attachment of 
such components to the electrodes. 

In particular, the regenerated cellulose coating acts as a 
mechanical barrier between the catheter components, such 

5 as electrodes, preventing ingress of blood cells, infectious 
agents, such as viruses and bacteria, and large biological 
molecules such as proteins, while providing electrical con- 
tact to the human body. As a result the electrodes can be 
made using more efficient processes (such as pad printing) 

1° that have been previously rejected due to lack of robustness 
when directly exposed to bodily tissues on a catheter sur- 
face. 

The regenerated cellulose coating also acts as a biocom- 
patible barrier between the catheter components and the 
15 human body, whereby the components can now be made 
from materials that are somewhat toxic (such as silver or 
copper), because the diffusional distance to tissues is 
increased substantially, and because a lower percentage of 
the metallic surface is exposed (both directly and indirectly) 
20 to the tissue. 

In addition, coating electrodes with regenerated cellulose 
decreases the effect of convective cooling on the electrode 
during RF energy delivery. That is, since regenerated cel- 
lulose is a poor thermal conductor when compared to metal, 
the effect of convective cooling by blood flowing past the 
regenerated cellulose coated electrodes is diminished. This 
provides better control for the lesion -generating process 
because the hottest tissue temperature is closer to the abla- 
n tion electrode. 

30 

Furthermore, the regenerated cellulose coating decreases 
the edge effects attributed to delivering RF energy to the 
electrode having sharp transition between the conductive 
electrode and insulating catheter tubing. The current density 

35 along the electrode and power density within tissue are more 
uniform, which reduces the incidence and severity of char 
and/or coagulum formation. The more uniform current den- 
sity along the axis of the catheter also results in a more 
uniform temperature distribution at the electrode, which 

4Q decreases the requirement for precise placements of the 
temperature sensors at the ablation electrodes. 

Notably, intimate contact between the regenerated cellu- 
lose coating and the conductive electrodes on the catheter 
body is required to ensure reliable pacing, electrogram 

45 sensing, or ablation through the microporous structure of the 
regenerated cellulose coating. While the regenerated cellu- 
lose coating closely conforms to the catheter body, e.g., like 
a skin, it does not actually adhere to the polymers commonly 
used to make catheters, such as, e.g. polyether block amides 

50 (PEBAs). Nor does it adhere to metal-based printed ink 
materials. Instead, a mechanical fit of the regenerated cel- 
lulose "jacket" on the distal end of the catheter is relied 
upon. 

Thus, if the distal end of the catheter is aggressively 
55 torqued or twisted, the regenerated cellulose jacket can at 
times "barber pole" or become axially wrinkled or blistered, 
resulting in a loss of direct contact of the coating and the 
underlying electrode structure. This can result in poor, 
intermittent, or even loss of electrical contact with the 
60 electrode. This compromised electrode contact can result in 
noisy recordings, inconsistent pacing thresholds, and unpre- 
dictable (and therefore uncontrollable) ablation conditions, 
depending upon the particular application. 

Further, if the catheter is introduced through a close - 
65 fitting introducer (e.g., such as a pre -shaped guide sheath), 
the regenerated cellulose coating can become stretched 
axially relative to the underlying catheter body structure. 
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Because there is no conductive fluid such as saline between 
the electrode and regenerated cellulose coating, the electri- 
cal path can become intermittent or open where the two 
materials become separated. 

Thus, for reasons of durability, consistent signal quality, 
pacing capabilities and ablation, it would be beneficial to 
improve upon the disclosure of U.S. patent application Ser. 
No. 08/879,343, and provide a coherent composite assembly 
for protecting the distal portion of the finished catheter 
device. 

SUMMARY OF THE INVENTION 

The present invention provides invasive medical catheters 
with distal end assemblies having a protective surface coat- 
ing bonded thereto. 

In an exemplary preferred embodiment, a base primer is 
applied over a no n -conductive thermoplastic elastomer 
polymer body. The primer chemically bonds to the polymer 
body substrate by developing covalent bonding or cross 
linking with the substrate. A plurality of printed electrode 
elements are then formed on the polymer body, e.g., by a pad 
printing process. Once the primer coating is bonded to the 
polymer body, the entire assembly is coated with a solubi- 
lized cellulose derivative solution. The solubilized cellulose 
derivative is then converted back into a pure cellulose 
structure by a regeneration process, such as viscose process 
which is well known in the art. 

The primer, already bonded to the polymer body, is then 
bonded to the regenerated cellulose by heat treating at an 
elevated temperature. After curing, the polymer body, 
primer coating and regenerated cellulose layer become a 
single composite material, thereby preventing the regener- 
ated cellulose coating from any movement relative to the 
polymer body. 

In alternate preferred embodiments, the primer may be 
applied over the top of the printed electrodes. In this case, a 
selected primer will preferably have a significantly lower 
electrical resistivity, so as to not interfere with the electrical 
conductivity of the electrodes. 

In further alternate preferred embodiments, a standard 
adhesive, such as cyanoacrylate or epoxy, may be used in 
lieu of the base primer. Also, the primer or adhesive coating 
may be applied only to selected portions of the polymer 
body, e.g., on the non-conductive areas between electrodes, 
or only at end points of the distal end assembly. 

Other objects and features of the present invention will 
become apparent from consideration of the following 
detailed description of preferred embodiments, taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The drawings illustrate both the design and utility of the 
present invention, in which similar elements in different 
embodiments are referred to by the same reference numbers 
for purposes of ease in illustration, wherein: 

FIG. 1 is a perspective view of a catheter device provided 
with a distal end external electrode assembly; 

FIG. 2 is a perspective view of the distal end assembly of 
the catheter device of FIG. 1; 

FIG. 3 is an enlarged, partially cut-away view of a first 
preferred distal end assembly for the catheter device of FIG. 
1; 

FIG. 4 is a cross-sectional view taken along lines A — A of 
FIG. 3; 
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FIG. 5 is an enlarged, partially cut-away view of a second 
preferred distal end assembly for the catheter device of FIG. 

l; 

FIG. 6 is a cross-sectional view taken along lines A — A of 
5 FIG. 5; 

FIG. 7 is a perspective view of a distal end assembly of 
further alternate distal end catheter assembly. 

DETAILED DESCRIPTION OF THE 
io PREFERRED EMBODIMENTS 

Referring to FIGS. 1-2, an exemplary catheter device 10 
generally includes a handle 14 and an elongate tubular 
catheter body 16. The catheter body 16 has a proximal end 
18 engaging the handle 14 and a distal end 20 engaging a 

15 distal end assembly 12. The distal end assembly 12 includes 
a non -conductive tubing 26 having a plurality of external 
conductive electrodes 24 formed thereon. 

By way of example, the catheter device 10 may be a 
therapeutic instrument for use in an ablation procedure, 

20 wherein the distal end electrodes 24 would be configured for 
creating lesion patterns in internal body tissue. By way of 
alternate example, the catheter device 10 may be a diagnos- 
tic instrument for use in detecting the location of aberrant 
electrical pathways in a patient's myocardial tissue, wherein 

25 the distal end electrodes 24 would be configured for detect- 
ing electrical activity in body tissue. 

The distal end tubing 26 of the distal end assembly 12 is 
preferably formed from a non-conductive thermoplastic 

3Q elastomer, such as polyether block amides (PEBA), and may 
be extruded to provide a substantially smooth outer surface 
as shown. Alternatively, the outer surface of the distal body 
portion 26 may include a longitudinal channel, skive and the 
like (not shown) to facilitate assembly of the electrodes 

_ thereon. 

35 

In alternate preferred embodiments, the distal end assem- 
bly 12 can be formed on the distal end portion 18 of the 
elongate catheter body 16 — i.e., wherein the distal end 
tubing 26 is part of the distal elongate catheter 16. 
40 For purposes of illustration, the distal end assembly 12 of 
FIGS. 1-2 is a "generic" embodiment of the more specific 
preferred distal end assemblies disclosed and described in 
FIGS. 3-7. 

Referring to FIG. 3, in a first preferred distal end assembly 

45 12a, a primer coating 48 is applied over the surface of the 
distal end tubing 26 prior to formation of the electrodes 24. 
By way of example, the primer coating 48 may be applied 
over the distal end assembly 12a by dipping or spraying the 
distal end tubing 26 in or with a commercially available base 

50 primer, until a finished thickness of no more than about 
0.0005 inch is obtained. 

The selected primer may contain from about 85% wt to 
95% wt, and preferably about 91% wt to 93% wt polyester- 
polyurethane aqueous dispersion such as Bayhydrol 

55 PR240™, and 5% wt to 15% wt, and preferably about 4% 
wt to 6% wt polyfiinctional aziridine crosslinker such as 
Crosslinker CX-100™. Because it underlies the electrodes 
24, the selected primer coating 48 should preferably have a 
relatively high electrical resistivity — e.g., more than about 

60 10 5 ohm-cm at a range of 0.1 to 500 kHz. 

The primer coating 48 is then cured, for example, by 
heating the coated distal end assembly 12a (e.g., between 
35° C, to 65° C. for 1 to 2 hours), or exposing it to high 
intensity ultraviolet light, causing it to bond to the distal end 

65 tubing 26. In particular, the primer coating 48 bonds to the 
distal end tubing 26 by developing a covalent bond or cross 
linking with the thermoplastic elastomer. 



09/29/2003, EAST Version: 1.04.0000 



US 6,2 

5 

After the primer 48 is cured, the electrodes 24 are formed 
at predetermined locations on the primer-coated distal end 
assembly 12a. The electrodes 24 are preferably longitudi- 
nally spaced along the distal end tubing 26, such that 
non-conductive areas of the distal end tubing 26 remain 
between consecutive electrodes. 

The electrodes 24 may be formed using a variety of 
methods, such as those described in the above -incorporated 
U.S. Pat. No. 5,991,650. In one preferred embodiment, the 
electrodes 24 are formed from a conductive ink compound, 
such as a silver-based conductive polyurethane ink, which is 
pad printed onto the distal end tubing 26. Alternatively, to 
increase their radiopacity, the electrodes 24 may be formed 
by multiple layers of different ink compounds (not shown). 
For example, the electrodes 24 may have a tungsten-filled 
polyurethane ink bottom layer for radiopacity and a silver- 
filled polyurethane ink top layer for electrical conductivity. 
Other metal-based conductive ink compounds, such as 
platinum-based or copper-based epoxies may also be used to 
form the electrodes 24. 

As best seen in FIG. 4, a small opening 30 is provided 
through the distal end tubing 26 and cured primer coating 48 
at each electrode location 24, through which an insulated 
ribbon cable 34 carrying a lead wire 38 and thermocouple 
wires 42 extends from a proximal portion of the catheter 
device 10 (not shown). The insulation at the ends of the lead 
wire 38 and thermocouple wires 42 are stripped. The lead 
wire 38 is electrically connected to the surface of electrode 
24, e.g., by using a conductive adhesive supplemented by 
further application of conductive ink. A thermocouple is 
then formed by potting the thermocouple wires 42 to the 
outer surface of the distal end tubing 26 proximate the edge 
of the opening 30, such that the resulting thermocouple is 
thermally coupled, but electrically isolated, from the elec- 
trode 24. 

Once the electrode construction is completed, including 
attachment of the respective lead and thermocouple wires 38 
and 42, a protective regenerative cellulose coating 46 is 
applied over the entire distal end assembly 12a — i.e., over 
both the primer coating 48 and the electrodes 24. Several 
preferred processes for applying a regenerated cellulose 
coating or "jacket" over the distal end assembly 12a are 
disclosed and described in the above-incorporated U.S. Pat. 
No. 5,991,650. 

After the regenerated cellulose coating is applied and 
cured, the distal end assembly 12 is again heat treated to 
facilitate bonding between the primer coating 48 and the 
regenerated cellulose coating 46, preferably to between 
about 100° C. and about 110° C. for about one hour. 

During this later heating process, a hydrogen bond is 
created between the hydroxyl group of the regenerated 
cellulose and the hydrogen molecule of the primer coating 
48. Because the primer coating 48 was originally cured prior 
to forming the electrodes 24, adhesion between the primer 
48 and regenerated cellulose 46 is achieved only where the 
primer 48 is not covered by the electrodes 24. 

In alternate preferred embodiments, the respective elec- 
trodes 24 may be formed over only part of the circumfer- 
ential surface area of the distal end tubing 26. In this 
instance, the bond formed between the respective regener- 
ated cellulose coating 46 and tubing 26 would be continuous 
over that part of the catheter body not covered by the 
electrode surface. In the alternative, the regenerated cellu- 
lose coating 46 may be selectively applied to cover only the 
electrode surface and not the entire circumference of the 
distal end tubing 26. This approach will allow the catheter 
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device 10 to better retain its flexibility for passive or active 
manipulation during use, as well as reduce the "slippery" 
effect of the regenerated cellulose coating. 

After the final curing, the distal end tubing 26, primer 

5 coating 48 and regenerated cellulose layer 46 effectively 
become a single composite structure, thereby preventing the 
regenerated cellulose 46 from substantially moving axially, 
radially and/or wrinkling relative to the distal end tubing 26 
during use of the catheter device 10. 

10 Referring to FIGS. 5 and 6, the primer coating 48 in a 
second preferred distal end assembly 12b is applied after the 
electrodes 24 are constructed. In this instance, because the 
primer coating 48 substantially covers the electrodes 24, the 
selected primer is preferably an alternate material having a 

15 significantly lower electrical resistivity — e.g., less than 
about 150 ohm-cm at 500 kHz — , so as to not interfere with 
the electrical path between the electrodes 24 and a patient's 
blood stream and/or body tissue during use. 

The curing process for the primer coating 48 for the distal 

20 end assembly 12b is substantially the same as discussed 
above in conjunction with the distal end assembly 12a. 
Notably, however, because many ink compounds suitable 
for use in electrode construction are polyurethane-based, the 
base coating 48 may develop a covalent bond with the ink 
electrodes 24, as well as with the distal end tubing 26, during 
the primer curing process. 

In still further alternate preferred embodiments, the 
primer coating 48 may be applied only at predetermined 

30 locations along the length of the distal end tubing 26. By 
way of example, in a third preferred distal end assembly 12c 
illustrated in FIG. 7, the primer 48 is only applied at 
respective ends 36 of the distal end assembly 12c. Such an 
arrangement allows for ease in device construction and a 

35 wider selection of primers such as, e.g., solvent-based 
adhesives such as cyanoacrylate or epoxy, for the primer 
coating 48. In particular, employing distal end assembly 12c 
substantially eliminates the risk that the selected primer 48 
may interfere with the conductivity of the regenerated 

40 cellulose 46 covering the electrodes 24, while still providing 
a sufficient bond of the outer protective layer 46 to the distal 
end tubing 26 for certain applications. 

As will be appreciated from the present disclosure, many 
alternate configurations employing the underlying teachings 

4 5 of the present invention are possible, whereby the primer or 
adhesive 48 is applied only to selective areas of the catheter 
distal end assembly 12. By way of non-limiting example, a 
non -conductive primer or adhesive could be applied to the 
non-conductive areas of the distal end tubing 26 between the 

50 electrodes 24. 

Where an adhesive such as epoxy or cyanoacrylate is used 
as the primer coating 48 (e.g., applied to the "bond" points 
36 in the distal end assembly 12c), heat is applied to the 
assembly 12c after the regenerated cellulose coating 46 is 

55 formed, in order to re-activate the cyanoacrylate and bond 
the regenerated cellulose layer to the distal end tubing 26. 
Alternately, a solvent able to pass through the regenerated 
cellulose membrane, such as acetone or diluted 
nitromethane, could be used to re-activate the (previously 

60 cured) cyanoacrylate and form the bond between the regen- 
erated cellulose coating 46 and distal end tubing 26. 

In accordance with a still further alternative method, the 
catheter device 10, including the uncoated distal end assem- 
bly 12 including electrodes 24 and regenerated cellulose 

65 coating 46 is fully assembled without applying the primer 
coating 48. An adhesive such as cyanoacrylate or epoxy in 
a solvent carrier having a molecular size small enough to 
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pass through the micro porous membrane of the regenerated 
cellulose is then applied over the regenerated cellulose 
coating 46 of the device, for example, at predetermined 
locations on the distal end assembly. The adhesive is then 
cured to drive off any solvents therein and bond the regen- 5 
era ted cellulose coating to the distal end tubing 26. 

Notably, the regenerated cellulose micropore size may be 
controlled at the time the coating 46 is formed on the distal 
end assembly 12. As such, a predetermined pore size may be 
obtained to accommodate larger adhesive molecules, if 10 
desired. Of course, the pore size should be sufficiently small 
to prevent biological macromolecules, such as proteins, 
from passing through the regenerated cellulose structure 
after the bonding process is complete. 

In additional alternatives, a wide variety of electrode 15 
shapes and/or sensors may be provided on a catheter device 
or other instrument and coated with a bonded surface 
coating as described herein. For example, the foregoing 
catheter constructions described herein may be useful in the 
attachment of a regenerated cellulose balloon to an anchor 20 
point on a catheter device. 

Accordingly, a catheter device or other instrument made 
in accordance with the present invention includes a barrier 
that is electrically conductive, optically transparent, and/or 2$ 
ultrasonically transparent, yet prohibits biological macro- 
molecules from directly or indirectly contacting the compo- 
nents on the instrument during use. The regenerated cellu- 
lose coating forms a closely fitting conformal sheath onto 
the catheter distal end assembly, that is durable and does not 3Q 
readily stretch substantially. Because of the protection 
afforded by the coating, less expensive and more efficient 
manufacturing procedures may be used to make the elec- 
trodes or other components on the catheter device, such as 
the pad printing process described above. 35 

In addition, catheter devices are often aggressively 
twisted or subjected to torque during use, which may cause 
the coating to twist or wrinkle, potentially causing a dis- 
continuity between the electrode and an non-bonded (i.e. 
mechanical interference fit) coating. Because the regener- 40 
ated cellulose coating is bonded to the device, the direct 
contact between the coating and the underlying electrode is 
substantially maintained, minimizing the chance of poor, 
intermittent, or even lost electrical contact with the elec- 
trode. Thus, lower noise recordings, more consistent pacing 45 
thresholds, and more predictable ablation conditions may be 
obtained with a device manufactured in accordance with the 
present invention. 

Thus, preferred embodiments have been disclosed of 
invasive medical catheters with distal end assemblies having 50 
a protective surface coating bonded thereto. While embodi- 
ments and applications of this invention have been shown 
and described, as would be apparent to those skilled in the 
art, many more modifications and applications are possible 
without departing from the inventive concepts herein. 55 

The scope of the inventions, therefore, are not to be 
restricted except in the spirit of the appended claims. 

What is claimed: 

1. A catheter device, comprising: 

an elongate catheter body; 60 
a distal end electrode assembly integrally attached to the 
catheter body, wherein the distal end electrode assem- 
bly comprises at least one conductive electrode; 
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a microporous coating at least partially bonded to the 
distal end assembly; and 

a primer coating underlying at least a portion of the 
microporous coating, wherein the primer coating bonds 
the microporous coating to the distal end assembly and 
wherein the primer coating covers at least a portion of 
one or more electrodes. 

2. The catheter device of claim 1, wherein the primer 
coating covers all of at least one of the electrodes thereby 
forming at least one coated electrode. 

3. The catheter device of claim 2, wherein the primer 
coating has an electrical resistivity such that the primer 
coating will not interfere with the electrical path between the 
coated electrodes and any biological material that the elec- 
trode assembly touches. 

4. The catheter device of claim 1, wherein the primer 
coating covers all of each of the electrodes thereby forming 
one or more coated electrodes. 

5. The catheter device of claim 4, wherein the primer 
coating has an electrical resistivity such that the primer 
coating will not interfere with the electrical path between the 
coated electrodes and any biological material that the elec- 
trode assembly touches. 

6. The catheter device of claim 5, wherein the electrical 
resistivity is such that the primer coating will not create an 
electrical short between any coated electrode and any other 
coated electrode. 

7. The catheter device of claim 1, wherein the 
microporous coating covers all of the electrodes. 

8. The catheter device of claim 1, wherein the 
microporous coating covers all of the distal end electrode 
assembly. 

9. A catheter device, comprising: 
an elongate catheter body; 

a distal end electrode assembly integrally attached to the 
catheter body, wherein the distal end electrode assem- 
bly comprises a plurality of conductive electrodes; 

a microporous coating at least partially bonded to the 
distal end assembly; and 

a primer coating underlying at least a portion of the 
microporous coating, wherein the primer coating bonds 
the microporous coating to the distal end assembly, and 
wherein the primer coating does not completely under- 
lie all of the microporous coating. 

10. The catheter device of claim 9, wherein the primer 
coating does not completely cover any of the electrodes. 

11. The catheter device of claim 9, wherein the primer 
coating underlies less than half of the microporous coating. 

12. The catheter device of claim 11, wherein the distal end 
electrode assembly further comprises a non-conductive 
polymer body that has a distal end and a proximal end and 
wherein the primer coating underlies the microporous coat- 
ing at both the distal and proximal ends of the non- 
conductive polymer body. 

13. The catheter device of claim 9, wherein the 
microporous coating covers all of the electrodes. 

14. The catheter device of claim 9, wherein the 
microporous coating covers all of the distal end electrode 
assembly. 

***** 
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[57] ABSTRACT 

A biological gas sensor for measuring a carbon dioxide 
partial pressure in an alimentary canal while excluding the 
influences of hydrogen sulfide and/or weak acid is disclosed. 
The gas sensor comprises a sensor which has in the sensitive 
part thereof a bicarbonate buffer solution held by a gas 
permeable membrane and detects a carbon dioxide partial 
pressure based on the hydrogen ion concentration of the 
bicarbonate buffer solution, a liquid holding part which is 
formed of a gas permeable tube having in the inside thereof 
the sensitive part of the sensor, an isotonic solution which is 
held in the liquid holding part and is isotonic with the 
bicarbonate buffer solution, and a metallic member (e.g., a 
coil of copper wire) so that hydrogen sulfide entering the 
liquid holding part may react with the metal and precipitate. 

17 Claims, 9 Drawing Sheets 
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BIOLOGICAL GAS SENSOR 

FIELD OF THE INVENTION 

This invention relates to an improved biological gas 
sensor for measuring a carbon dioxide partial pressure in an 
alimentary canal, mainly the esophagus and the gastrointes- 
tinal tube. 

BACKGROUND OF THE INVENTION 

In case a circulating blood flow decreases by some cause 
in, for example, a patient in intensive care unit (1CU), the 
blood that has been supplied to the organs in the abdominal 
cavity is redistributed to the other important organs. As a 
result, the blood flow in the mucous membrane of the 
alimentary canal begins to decrease earlier than the other 
organs to fall into hypoperfusion. It follows that the mucous 
membrane falls into hypoxemia, which leads to acidosis of 
the tissue. The mucous tissue is then destroyed to allow 
colonic bacteria or endotoxin into the body fluids, causing 
sepsis or multiple organ failure. That is, early finding and 
early treatment of hypoperfusion in the alimentary canal 
could remove one of the causes of multiple organ failure, 
which is said to be a main cause of death in ICU. In order 
to detect an increase in carbon dioxide partial pressure due 
to hypoperfusion, a sensor for a carbon dioxide partial 
pressure in an alimentary canal has been proposed, which is 
to be - fitted to the tip of a stomach tube or an ileus tube 
inserted into the alimentary canal for medical treatment, as 
disclosed in JP-A- 7-231885 (the term "JP-A" as used herein 
means an "unexamined published Japanese patent 
application"). The carbon dioxide gas sensor to be used 
includes the one described in JP-A-61- 144562, which 
detects the concentration of carbon dioxide dissolved in a 
bicarbonate buffer solution (e.g., NaHC0 3 solution) as a 
change in hydrogen ion concentration by means of an 
Ion-Sensitive Field-Effect Transistor (ISFET). 

However, the conventional biological gas sensor of this 
type tends to indicate a higher level than the actual carbon 
dioxide partial pressure, failing to make accurate 
measurement, because the hydrogen ion concentration of a 
bicarbonate buffer solution contained in the sensitive part is 
liable to increase in the presence of hydrogen sulfide gas or 
compounds thereof and/or weak acids or gas thereof which 
exist in the alimentary canal. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a bio- 
logical gas sensor with which a carbon dioxide partial 
pressure in an alimentary canal can be measured accurately 
without being affected by the presence of hydrogen sulfide 
gas or compounds thereof and/or weak acids or gas thereof. 

The present invention provides a biological gas sensor 
comprising a sensor which has in the sensitive part thereof 
a bicarbonate buffer solution held by a gas permeable 
membrane and detects a carbon dioxide partial pressure 
based on the hydrogen ion concentration of the bicarbonate 
buffer solution, a liquid holding part which has in the inside 
thereof the sensitive part of the sensor and at least a part of 
the inner wall thereof is made of a gas permeable membrane, 
an aqueous solution which is held in the liquid holding part 
and is substantially isotonic with the bicarbonate buffer 
solution, and a metallic member which is in the liquid 
holding part and is reactive with hydrogen sulfide. 

In a preferred embodiment of the above-described gas 
sensor, the metallic member is a coil, a cylinder with 
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perforations or a cylinder made of a net, through which the 
sensor is inserted. 

The present invention also provides a biological gas 
sensor comprising a sensor which has in the sensitive part 

5 thereof a bicarbonate buffer solution held by a gas permeable 
membrane and detects a carbon dioxide partial pressure 
based on the hydrogen ion concentration of the bicarbonate 
buffer solution, a liquid holding part which has in the inside 
thereof the sensitive part of the sensor and at least a part of 

io the inner wall thereof is made of a gas permeable membrane, 
and an aqueous solution which is held in the liquid holding 
part, is substantially isotonic with the bicarbonate buffer 
solution, and contains a metallic ion or a metallic compound 
capable of reacting with hydrogen sulfide. 

15 The present invention further provides a biological gas 
sensor comprising a sensor which has in the sensitive part 
thereof a bicarbonate buffer solution held by a gas permeable 
membrane and detects a carbon dioxide partial pressure 
based on the hydrogen ion concentration of the bicarbonate 

20 buffer solution, a liquid holding part which has in the inside 
thereof the sensitive part of the sensor and at least a part of 
the inner wall thereof is made of a gas permeable membrane 
containing powder of a metal or a compound thereof capable 
of reacting with hydrogen sulfide, and an aqueous solution 

25 which is contained in the liquid holding part and is substan- 
tially isotonic with the bicarbonate buffer solution. 

The present invention furthermore provides a biological 
gas sensor comprising a sensor which has in the sensitive 
part thereof a bicarbonate buffer solution held by a gas 
permeable membrane and detects a carbon dioxide partial 
pressure based on the hydrogen ion concentration of the 
bicarbonate buffer solution, wherein the gas permeable 
membrane contains powder of a metal or a compound 

35 thereof capable of reacting with hydrogen sulfide. 

In a preferred embodiment of the above-described gas 
sensors, the metal is selected from the group consisting of 
copper, silver, cobalt, nickel, iron, manganese, and molyb- 
denum. 

40 The present invention furthermost provides a biological 
gas sensor comprising a sensor which has in the sensitive 
part thereof a bicarbonate buffer solution held by a gas 
permeable membrane and detects a carbon dioxide partial 
pressure based on the hydrogen ion concentration of the 

45 bicarbonate buffer solution, a liquid holding part which has 
in the inside thereof the sensitive part of the sensor and at 
least a part of the inner wall thereof is made of a gas 
permeable membrane, and an aqueous alkaline solution 
which is contained in the liquid holding part and is substan- 

50 tially isotonic with the bicarbonate buffer solution. 

In a preferred embodiment of the above gas sensor, the 
gas sensor has a means for allowing carbon dioxide gas into 
the bicarbonate buffer solution in the sensitive part thereof 
while preventing hydrogen sulfide or compound gases 

55 thereof from reaching the bicarbonate buffer solution. This 
means is preferably a gas permeable membrane containing 
powder of a metal or a compound thereof capable of reacting 
with hydrogen sulfide, which is used for holding the bicar- 
bonate buffer solution of the sensitive part. 

60 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a first embodiment of the gas sensor 
according to the present invention. 

FIG. 2 shows a principal part of the gas sensor of FIG. 1. 
65 FIG. 3 is a cross section along 3 — 3 line shown in FIG. 2. 

FIG. 4 illustrates the steps of producing the gas sensor 
according to the first embodiment. 
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FIG. 5 shows a principal part of a second embodiment of 
the gas sensor according to the present invention. 

FIG. 6 is a cross section along 6 — 6 line shown in FIG. 5. 

FIG. 7 shows a principal part of a third embodiment of the 
gas sensor according to the present invention. 5 

FIG. 8 is a cross section along 8 — 8 line shown in FIG. 7. 

FIG. 9 shows a principal part of a fourth embodiment of 
the gas sensor according to the present invention. 

FIG. 10 is a cross section along 10 — 10 line shown in 10 
FIG. 9. 

FIG. 11 shows a principal part of a fifth embodiment of 
the gas sensor according to the present invention. 

FIG. 12 is a cross section along 12 — 12 line shown in 
FIG. 11. 15 

FIG. 13 shows a principal part of a sixth embodiment of 
the gas sensor according to the present invention. 

FIG. 14 is a cross section along 14 — 14 line shown in 
FIG. 13. 

20 

FIG. 15 shows a seventh embodiment of the gas sensor 
according to the present invention. 

FIG. 16 shows a principal part of the gas sensor of FIG. 
15. 

FIG. 17 is a cross section along 17 — 17 line shown in 25 
FIG. 16. 

FIG. 18 shows a principal part of an eighth embodiment 
of the gas sensor according to the present invention. 

FIG. 19 is a cross section along 19 — 19 line shown in 
FIG. 18. 30 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 shows the whole structure of the first embodiment 
of the gas sensor according to the present invention. In FIG. 35 
2 is shown the principal part of the gas sensor of FIG. 1, the 
cross section of which along 3 — 3 line is shown in FIG. 3. 

As shown in FIGS. 1 through 3, sensor 2 is set in one of 
the lumens (lumen la) provided near the tip of double lumen 
catheter 1 made of silicone. Sensor 2 is of the type disclosed 40 
in JP-A-61-144562, being composed of ISFET, a bicarbon- 
ate buffer solution, and a gas permeable membrane. The 
surface of the sensitive part of sensor 2 is intimately covered 
with silicone-made gas permeable membrane 3 (see FIG. 3). 
Double lumen catheter 1 has a hemispherical shape at the 45 
tip, and the two lumens la and lb each have a closed end at 
the side of the tip. To sensor 2 is connected one end of lead 
4 (see FIG. 1) which is also inserted in lumen la, with the 
other end thereof connected to a measuring instrument 
externally provided. 50 

Part of the wall on the side of lumen la is cut away to 
make an opening near the tip of catheter 1 so that the 
sensitive part of sensor 2 is exposed to the outer environment 
through the opening. The space between sensor 2 and lead 
4 and the inner wall of lumen la is filled with silicone resin 55 
lc. A coil of copper wire 5 is put over the sensitive part of 
sensor 2 with a certain gap therebetween. Gas permeable 
tube 6 made of silicone is fitted around the periphery of 
double lumen catheter 1 so as to cover the opening. Tube 6 
and the outer wall of double lumen catheter 1 are tightly 60 
adhered with a silicone, and there is formed a closed space 
at the cut-away part of lumen la which serves as a liquid 
holding part. The liquid holding part, in which the sensitive 
part of sensor 2 is exposed, is filled with isotonic liquid 7, 
such as physiological saline, that is isotonic with the elec- 65 
trode internal liquid of sensor 2, i.e., a bicarbonate buffer 
solution. 



The inside of lumen lb is open to the outer environment 
through a plurality of openings Id provided in a single line 
in the longitudinal direction in the vicinity of the tip of 
double lumen catheter 1. Lumen lb is for discharging 
secreting fluid from an alimentary canal or for supplying 
liquid to an alimentary canal for lavage and the like. 

Part of the steps for producing the biological gas sensor of 
the first embodiment are shown in FIG. 4. Included are a step 
of setting sensor 2 in silicone-made double lumen catheter 1, 
a step of providing copper wire 5 in a coil around sensor 2, 
a step of forming a liquid holding part, and a step of filling 
the liquid holding part with isotonic liquid 7. In more detail, 
these steps are carried out as follows. 

(1) The wall of silicone-made double lumen catheter 1 on 
the side of lumen la is cut off over a length of 3 cm in 
the longitudinal direction and over the whole width of 
lumen la. 

(2) Sensor 2 is inserted through lumen la so as to be 
positioned at the center of the cut-away portion. 

(3) Silicone resin lc is injected into the root of sensor 2 
to fix sensor 2 in double lumen catheter 1. 

(4) Silicone resin lc is also injected into the other side of 
lumen la (the tip side) to clog lumen la. 

(5) Copper wire 5 in a coil having a length of 3 cm is put 
over sensor 2. 

(6) Silicone-made gas permeable tube 6 having a length of 
5 cm whose inner diameter is equal to the outer 
diameter of double lumen catheter 1 is swollen with 
n-hexane as an organic solvent and then fitted 00 
double lumen catheter 1 to cover the opening thereby 
forming a liquid holding part. On allowing tube 6 to 
stand, n-hexane vaporizes to achieve shrink-fit. 

(7) Physiological saline is injected into the liquid holding 
part through between tube 6 and double lumen catheter 
1 by means of syringe 8. 

(8) The gap between double lumen catheter 1 and both 
ends of tube 6 are filled with silicone resin 9 to adhere 
them. 

When the biological gas sensor having the above- 
described structure is inserted into the alimentary canal of a 
patient, carbon dioxide gas and hydrogen sulfide gas present 
in the outside fluid pass through gas permeable tube 6 and 
reach isotonic liquid 7, where hydrogen sulfide gas reacts 
with copper wire 5 and a copper ion (Cu++) dissolved 
therefrom as represented by reaction formula: 

Cu^+H^-CuSj+lFT 

As a result, hydrogen sulfide gas precipitates as copper 
sulfide in isotonic solution 7 and cannot pass through gas 
permeable membrane 3 on the surface of the sensitive part 
of sensor 2. Thus, hydrogen sulfide gas is selectively 
removed, whereas only carbon dioxide gas reaches the 
sensitive part of sensor 2. 

In order to demonstrate the mechanism of action of the 
gas sensor according to the present invention, an experiment 
was carried out as follows. Each of the gas sensor according 
to the first embodiment of the present invention and a 
conventional biological gas sensor having no copper wire 
was calibrated with a standard solution having a carbon 
dioxide partial pressure of 36 mmHg or 84 mmHg. The thus 
calibrated gas sensor was immersed in a 20 ppm hydrogen 
sulfide aqueous solution for 1 hour and then immersed in the 
same standard solution as used above. The values indicated 
by the gas sensors are shown in Table 1 below. 
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TABLE 1 





C0 2 


Partial Pressure 






(mmHg) 


Standard Solution 


36 


84 


Conventional Sensor 


112 


250 


Sensor of the Invention 


38 


85 



As can be seen from Table 1, the biological gas sensor of to 
the present invention accurately detects a carbon dioxide 
partial pressure without being affected by hydrogen sulfide 
gas compared with the conventional biological gas sensor. 

A second embodiment of the present invention are shown 
in FIGS. 5 and 6. FIG. 5 illustrates the principal part, and 15 
FIG. 6 is a cross section along line 6 — 6 of FIG. 5. The only 
difference of the second embodiment from the first one 
resides in that copper wire 5 in a coil of the first embodiment 
is replaced with perforated cylinder 11 made of copper. 
Cylinder 11 has a plurality of perforations 12 in pair (three 20 
pairs in FIG. 5), each pair facing to each other. The other 
constituent elements are the same as those in the first 
embodiment. The action and effect produced by such a 
structure are equal to those obtained by the first embodi- 
ment. 25 

FIGS. 7 and 8 illustrate a third embodiment of the present 
invention. FIG. 7 shows the principal part, and FIG. 8 is a 
cross section along line 8 — 8 of FIG. 7. The difference of the 
third embodiment from the first one consists in that copper 
wire 5 in a coil of the first embodiment is replaced with 30 
cylinder 13 made of a copper net. The other constituent 
elements are the same as those in the first embodiment. The 
action and effect produced by such a structure are equal to 
those obtained by the first embodiment. 

FIGS. 9 and 10 show a fourth embodiment of the present 35 
invention. FIG. 9 shows the principal part, and FIG. 10 is a 
cross section along line 10 — 10 of FIG. 9. In this 
embodiment, copper wire 5 of the first embodiment is not 
used, and isotonic liquid 7 (e.g., saline) as used in the first 
embodiment is replaced with isotonic liquid 14 containing a 40 
copper compound. The other constituent elements are the 
same as those in the first embodiment. The action and effect 
produced by such a structure are equal to those obtained by 
the first embodiment. 

FIGS. 11 and 12 show a fifth embodiment of the present 45 
invention. FIG. U shows the principal part, and FIG. 12 is 
a cross section along line 12 — 12 of FIG. 11. In this 
embodiment, copper wire 5 of the first embodiment is not 
used, and, instead, silicone-made tube 6 as used in the first 
embodiment is replaced with gas permeable tube 15 made of 50 
silicone containing copper powder. The other constituent 
elements are the same as those in the first embodiment. 
According to this structure, hydrogen sulfide gas undergoes 
reaction with copper on the outer and inner surfaces of tube 
15 and settled thereon as copper sulfide. Therefore, hydro- 55 
gen sulfide cannot reach the inside isotonic liquid 7, 
whereby the same action and effect as observed in the first 
embodiment result. 

FIGS. 13 and 14 show a sixth embodiment of the present 
invention. FIG. 13 shows the principal part, and FIG. 14 is 60 
a cross section along line 14 — 14 of FIG. 13. This embodi- 
ment does not have copper wire 5, tube 6, and isotonic liquid 
7 used in the first embodiment, but, instead, silicone-made 
gas permeable membrane 3 as used in the first embodiment 
is replaced with gas permeable membrane 16 which is made 65 
of silicone containing copper powder. Further, while in the 
first embodiment the cuts made at both ends of the opening 



of the wall of lumen la at the side of the root of sensor 2 and 
the side nearer to the tip of the double lumen catheter 1 are 
both perpendicular to the partition between lumen la and 
lumen lb, in the sixth embodiment the cuts are diagonal to 
the partition in such a manner that the area of the remaining 
wall covering the sensitive part of sensor 2 gradually 
increases from the center of the sensitive part toward the root 
and the tip thereof. Such a way of cutting is for protection 
of the sensitive part of sensor 2. The other constituent 
elements are the same as those in the first embodiment. 
According to this structure, hydrogen sulfide gas undergoes 
reaction with copper on the outer and inner surfaces of gas 
permeable member 16 and settled thereon as copper sulfide. 
Therefore, hydrogen sulfide cannot reach the inside bicar- 
bonate buffer solution whereby the same action and effect as 
obtained in the first embodiment result. 

While in the foregoing embodiments copper is used as a 
metal reactive with hydrogen sulfide, other metals capable 
of reacting with hydrogen sulfide produce the same effect. 
Taking safety to the human body and ease of production into 
consideration, silver, cobalt, nickel, iron, manganese, and 
molybdenum are suitable in addition to copper. The reac- 
tions between these metals and hydrogen sulfide are repre- 
sented by the following formulae: 

Ag: 2Ag++H 2 S^A g2 SJ+2H + 
Co: Co^+H 2 S-CoS|+2H^ 
Ni: Ni^+HjS—NiSJ-^FT 
Fe: Fe ++ +H 2 S-FeSi+2H* 
2Fe" ++ +3H 2 SJFe 2 S 3 J+6H + 
Mn: Mn~+H 2 S— MnSJ+2H* 
Mo: Mo^ + +2H2S4MoS 2 4+4H + 
Mo ++++ ~+3H 2 S— MoS 3 j +6FT 

Of these metals, those suited to the first to third embodi- 
ments are copper, silver, nickel, iron, and molybdenum. 

Metallic compounds which can be used in preparing an 
isotonic liquid practical for the fourth embodiment, i.e., an 
aqueous solution containing a metal ion include AgC10 4 , 
AgF, AgN0 3 , CuBr 2 , CuCl 2 , Cu(N0 3 ) 2 , CuS0 4 , CuC 2 0 4 , 
FeBr 2 , FeCl 2 , FeCl 3 , Fe(C10 4 ) 2 , Fe(C10 4 ) 3 , Fe(N0 3 ) 2 , 
Fe(N0 3 ) 3 , NiBr 2 , NiCl 2 , Ni(C10 4 ) 2 , Nil 2 , Ni(N0 3 )2, NiS0 4 , 
(NH 4 ) 2 Mo0 4 , CoBr 2 , COC^, CoI 2 , Co(N0 3 ) 2 , CoS0 4 , 
MnBr 2 , MnCl 2 , M^NO^ and MnS0 4 . 

Metal powder useful in the fifth and sixth embodiments in 
addition to copper powder includes powder of CuO, Cu 2 0, 
Ag, Ag 2 0, Co, CoO, Co 2 0 3 , C0 3 0 4 , Ni, NiO, Fe, FeO, 
F^O-j, Mn, Mn0 2 , Mo, and Mo0 3 . 

FIGS. 15 through 17 show a seventh embodiment of the 
present invention. FIG. 15 illustrates the whole structure of 
this embodiment, FIG. 16 shows the principal part thereof, 
and FIG. 17 is a cross section along line 17 — 17 of FIG. 16. 
As shown in FIGS. 15 to 17, the difference of this embodi- 
ment from the first one is that copper wire 5 is not used and 
isotonic liquid 7, such as physiological saline, is replaced 
with an aqueous alkaline solution 70 which is isotonic with 
the bicarbonate buffer solution of sensor 2. The other 
constituent elements are the same as those in the first 
embodiment. 

When the biological gas sensor according to the seventh 
embodiment is inserted into the alimentary canal of a 
patient, carbon dioxide gas and weak acids or gaseous 
molecules thereof pass through gas permeable tube 6 and 
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reach aqueous alkaline solution 70, where a weak acid (HA) 
ionizes as follows by the action of the aqueous alkaline 
solution. 

HA-*H*>A~ 5 

The weak acid and/or gas thereof in their molecular state 
HA pass through gas permeable membrane 3 on the surface 
of the sensitive part of sensor 2 but, on ionization in aqueous 
alkaline solution 70, they cannot pass any more. For 
example, acetic acid, which is present in gastric juice at a to 
concentration of several hundreds of ppm, hardly ionizes in 
a common aqueous solution (gastric juice) because of its 
weak acidicity and exists substantially in its molecular state 
as follows. 

CH 3 COOH(>99%)-CH 3 COO-+H +(< 1 %) 

In this case, molecular acetic acid CH 3 C00H passes 
through gas permeable membrane 3 on the surface of the 
sensitive part of sensor 2 to give adverse influence to sensor 
2. On the other hand, if acetic acid reacts with an aqueous 20 
alkaline solution, it ionizes almost 100% as follows and no 
more passes through gas permeable membrane 3, giving no 
adverse influence to sensor 2. 

CH 3 COOH(«0%)-*CH3COO-+H > <-100%) 2$ 

Like this, weak acids or gaseous molecules thereof can be 
removed selectively by aqueous alkaline solution 70, and 
only carbon dioxide gas reaches the sensitive part of sensor 
2. 

In order to demonstrate the mechanism of action of the 30 
gas sensor according to the seventh embodiment, an experi- 
ment was carried out as follows. Each of the gas sensor 
according to the seventh embodiment and a conventional 
biological gas sensor having neither a copper wire nor an 
aqueous alkaline solution was calibrated with a standard 35 
solution having a carbon dioxide partial pressure of 35 
mmHg or 84 mmHg. The thus calibrated gas sensor was 
immersed in 0.2% acetic acid for 21 hours at 37° C. and then 
immersed in the same standard solution as used above. The 
values indicated by the gas sensors are shown in Table 2 40 
below. In this case, further, 100 mM-NaHC0 3 aqueous 
solution was used as the aqueous alkaline solution for the 
gas sensor of the present invention. 



TABLE 2 





00 2 


Partial Pressure 






(mmHg) 


Standard Solution 


35 


84 


Conventional Sensor 


53 


130 


Sensor of the Invention 


33 


84 



preferably, 

pKa+3<pH. 



45 



50 



It is seen from Table 2 that the biological gas sensor of the 
present invention accurately detects a carbon dioxide partial 
pressure without being affected by acetic acid compared 55 
with the conventional biological gas sensor. 

The pH of the aqueous alkaline solution to be used in the 
gas sensor and the pKa value of a weak acid to be eliminated 
by the aqueous alkaline solution should satisfy relationship: 

60 

[pKa of weak acidHpH of aqueous alkaline solution] 



65 



FIGS. 18 and 19 show an eighth embodiment of the 
present invention. FIG. 18 illustrates the principal part of the 



gas sensor, and FIG. 19 is a cross section along line 19 — 19 
of FIG. 18. The difference of this embodiment from the 
seventh one is that gas permeable tube 6 used in the seventh 
embodiment is not used and, instead, gas permeable tube 60 
is concentrically provided around the sensitive part of sensor 
2 to make a space between gas permeable membrane 3 and 
gas permeable tube 60, into which aqueous alkaline solution 
70 isotonic with the bicarbonate buffer solution in sensor 2 
is injected, and gas permeable membrane 3 used here is gas 
permeable membrane 30 made of silicone containing copper 
oxide. The shape of the cut made in the wall of lumen la is 
the same as in the sixth embodiment for protection of the 
sensitive part of sensor 2. The other constituent elements are 
the same as those in the seventh embodiment. 

When carbon dioxide to be detected is present in the 
alimentary canal together with weak acids or gas thereof and 
hydrogen sulfide gas or compounds thereof, the weak acids 
or gas thereof are excluded by aqueous alkaline solution 70 
through the same mechanism as in the seventh embodiment, 
and hydrogen sulfide gas or its compounds can be eliminated 
by gas permeable membrane 30 through the same mecha- 
nism as in the sixth embodiment. In other words, the gas 
sensor according to this embodiment combines the function 
of removing weak acids or gas thereof and the function of 
removing hydrogen sulfide gas or compounds thereof. 

All the above-mentioned embodiments use a double 
lumen catheter as a means in which the gas sensor is set. 
This is advantageous in that carbon dioxide measurement 
with the gas sensor and discharge of secreting fluid from the 
alimentary canal or lavage of the alimentary canal can be 
effected simultaneously. 

While ISFET is used as a sensor in the foregoing 
embodiments, similar action and effect can be obtained by 
using other sensitive systems for detecting a carbon dioxide 
partial pressure from changes of hydrogen ion concentration 
in a bicarbonate buffer solution, such as a Severinghause 
type electrode using a glass electrode and an optical fiber 
electrode coated with NaHC0 3 and a pH indicator dye as 
disclosed in JP-A-3-85430. 

While silicone is used as a material of the double lumen 
catheter in the foregoing embodiments, other materials used 
in commercially available general catheters, such as poly- 
vinyl chloride, can be used as well. 

As described above, the present invention makes it pos- 
sible to accurately measure a carbon dioxide partial pressure 
in an alimentary canal while excluding the influences of 
hydrogen sulfide gas or compounds thereof and/or weak 
acids or gas thereof that may coexist in the alimentary canal. 

While the invention has been described in detail and with 
reference to specific examples thereof, it will be apparent to 
one skilled in the art that various changes and modifications 
can be made therein without departing from the spirit and 
scope thereof. 

What is claimed is: 

1. A biological gas sensor comprising: 

a sensor which has in the sensitive part thereof a bicar- 
bonate buffer solution held by a first gas permeable 
membrane and detects a carbon dioxide partial pressure 
based on the hydrogen ion concentration of the bicar- 
bonate buffer solution; 

a liquid holding part which has in the inside thereof the 
sensitive part of said sensor and at least a part of the 
inner wall of said holding part is made of a second gas 
permeable membrane; 

an aqueous solution which is held in said liquid holding 
part and is substantially isotonic with said bicarbonate 
buffer solution; and 
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a metallic member which is in said liquid holding pan and 
is reactive with hydrogen sulfide. 

2. A biological gas sensor according to claim 1, wherein 
said metallic member is a coil through which said sensor is 
inserted. 5 

3. A biological gas sensor according to claim 2, wherein 
said metal is selected from the group consisting of copper, 
silver, cobalt, nickel, iron, manganese, and molybdenum. 

4. A biological gas sensor according to claim 1, wherein 
said metallic member is a perforated cylinder through which 10 
said sensor is inserted. 

5. A biological gas sensor according to claim 4, wherein 
said metal is selected from the group consisting of copper, 
silver, cobalt, nickel, iron, manganese, and molybdenum. 

6. A biological gas sensor according to claim 1, wherein 15 
said metallic member is a cylinder made of a net through 
which said sensor is inserted. 

7. A biological gas sensor according to claim 6, wherein 
said metal is selected from the group consisting of copper, 
silver, cobalt, nickel, iron, manganese, and molybdenum. 20 

8. A biological gas sensor according to claim 1, wherein 
said metal is selected from the group consisting of copper, 
silver, cobalt, nickel, iron, manganese, and molybdenum. 

9. A biological gas sensor comprising: 

a sensor which has in the sensitive part thereof a bicar- 25 
bonate buffer solution held by a first gas permeable 
membrane and detects a carbon dioxide partial pressure 
based on the hydrogen ion concentration of the bicar- 
bonate buffer solution; 

a liquid holding part which has in the inside thereof the 30 
sensitive part of said sensor and at least a part of the 
inner wall of said holding part is made of a second gas 
permeable membrane; and 

an aqueous solution which is held in said liquid holding 35 
part, is substantially isotonic with said bicarbonate 
buffer solution, and contains a metallic ion or a metallic 
compound capable of reacting with hydrogen sulfide. 

10. A biological gas sensor according to claim 9, wherein 
said metal is selected from the group consisting of copper, ^ 
silver, cobalt, nickel, iron, manganese, and molybdenum. 

U. A biological gas sensor comprising: 

a sensor which has in the sensitive part thereof a bicar- 
bonate buffer solution held by a first gas permeable 
membrane and detects a carbon dioxide partial pressure 45 
based on the hydrogen ion concentration of the bicar- 
bonate buffer solution; 



a liquid holding part which has in the inside thereof the 
sensitive part of said sensor and at least a part of the 
inner wall of said holding part is made of a second gas 
permeable membrane containing powder of a metal or 
a compound thereof capable of reacting with hydrogen 
sulfide; and 

an aqueous solution which is contained in said liquid 
holding part and is substantially isotonic with said 
bicarbonate buffer solution. 

12. A biological gas sensor according to claim 11, wherein 
said metal is selected from the group consisting of copper, 
silver, cobalt, nickel, iron, manganese, and molybdenum. 

13. A biological gas sensor comprising: 

a sensor which has in the sensitive part thereof a bicar- 
bonate buffer solution held by a first gas permeable 
membrane and detects a carbon dioxide partial pressure 
based on the hydrogen ion concentration of the bicar- 
bonate buffer solution, wherein said gas permeable 
membrane contains powder of a metal or a compound 
thereof capable of reacting with hydrogen sulfide. 

14. A biological gas sensor according to claim 13, wherein 
said metal is selected from the group consisting of copper, 
silver, cobalt, nickel, iron, manganese, and molybdenum. 

15. A biological gas sensor comprising: 

a sensor which has in the sensitive part thereof a bicar- 
bonate buffer solution held by a first gas permeable 
membrane and detects a carbon dioxide partial pressure 
based on the hydrogen ion concentration of the bicar- 
bonate buffer solution; 

a liquid holding part which has in the inside thereof the 
sensitive part of said sensor and at least a part of the 
inner wall of said holding part is made of a second gas 
permeable membrane; and 

an aqueous alkaline solution which is contained in said 
liquid holding part and is substantially isotonic with 
said bicarbonate buffer solution. 

16. A biological gas sensor according to claim 15, wherein 
said gas sensor has a means for allowing carbon dioxide gas 
into the bicarbonate buffer solution in the sensitive part 
thereof while preventing hydrogen sulfide or compound 
gases thereof from reaching the bicarbonate buffer solution. 

17. A biological gas sensor according to claim 16, wherein 
said means is said gas permeable membrane of the sensitive 
part which contains powder of a metal or a compound 
thereof capable of reacting with hydrogen sulfide. 
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[57] ABSTRACT 

A small diameter steerable guidewire that is used to 
guide a catheter in transluminal coronary angioplasty is 
provided with a pair of electrodes for measuring the 
cross-sectional area of a blood vessel and for measuring 
blood flow. The guidewire includes a shaft and a tip 
attached to the distal end of the shaft The shaft is tor- 
sionally rigid along its length and includes a conductive 
tube and a wire extending through the tube. The tip, 
which can be bent to a prescribed curve when relaxed, 
is sufficiently flexible to adapt to and follow the con- 
tours of a blood vessel. The tip includes a tapered exten- 
sion of the wire in the shaft. A proximal electrode and 
a distal electrode are coaxially mounted on the tapered 
wire and are electrically connected to the tube and the 
wire, respectively. The electrodes are axially spaced 
apart by a predetermined distance. Each electrode is 
preferably a conductive, helically-wound spring. The 
outside diameter of the steerable guidewire preferably 
does not exceed about 0.020-inch for coronary use. 

40 Claims, 2 Drawing Sheets 
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end of guidewire 10. Wire 26 and tube 28 are connected 
by leads 30 and 32, respectively, to an external excita- 
tion and sensing circuit 34. The excitation and sensing 
circuit 34 is connected to a chart recorder 36. 

Conductive tube 28 is preferably a stainless steel tube, 5 
and wire 26 is an insulated core wire of stainless steel. In 
a preferred embodiment, tube 28 has a outside diameter 
of 0.016 inch and an inside diameter of 0.010-inch. The 
wire 26, which typically has a diameter of 0.008-inch, is 
electrically insulated from tube 28 by an insulating layer 10 
40. The insulating layer 40, which is preferably a poly- 
imide, can be a coating on wire 26 or can be a thin tube 
between wire 26 and tube 28. 

Wire 26 includes a tapered distal portion 26a which 
extends beyond shaft 12 into the distal tip region 14. 13 
The proximal electrode 22 comprises a helically- 
wound, conductive spring coaxially mounted on the 
tapered portion 26a of wire 26. In the embodiment 
illustrated in FIGS. 2A and 2B, proximal spring 22 
extends from the distal end 12a of shaft 12 to spacer 24. 20 
The proximal end of spring 22 abuts against and is elec- 
trically connected to the distal end of tube 28. The 
spring 22 can be silver-stainless steel having an outside 
coil diameter of 0.016-inch. The insulating member 24 is 
preferably a cylindrically-shaped spacer that is coaxi- 25 
ally mounted on tapered portion 26a of wire 26 and 
abuts against the distal end of spring 22. The spacer 24, 
which typically has an axial length of two millimeters, 
establishes the spacing between electrodes 20 and 22. 
The axial length of spacer 24 should be small in order to 30 
obtain a localized measurement of cross-sectional area 
rather than an average value over an extended length. 

The distal electrode 20 is a helically-wound, conduc- 
tive spring that is coaxially mounted on tapered distal 
portion 26a and abuts against spacer 24. In a preferred 35 
embodiment, spring 20 is fabricated of platinum and has 
an axial length of 2.5 centimeters and an outside coil 
diameter of 0.016-inch. The distal spring 20 is electri- 
cally connected to wire 26, preferably by soldering or 
brazing, at a point about seven millimeters in a distal 40 
direction from spacer 24. The tapered portion 26a of 
wire 26 terminates within distal spring 20 at a point 
about 1.2 centimeters from spacer 24. A rounded bead 
20a is formed at the distal end of spring 20, and a safety 
wire 42 is connected between bead 20a and tapered 45 
portion 26a . Insulating layer 40 covers the tapered 
portion 26a of wire 26 such that proximal electrode 22 
is electrically insulated from wire 26 in the distal tip 
region. 

In operation, an AC signal is applied to the electrodes 20 
20 and 22 from circuit 34. A current flows through the 
blood between the spaced-apart electrodes 20 and 22. 
The current flow is related to the cross-sectional area of 
the blood vessel, as described more fully in the afore- 
mentioned Pat. No. 3,896,373. 55 

In order to improve the sensitivity of the measure- 
ment, it is desirable to provide low electrical resistance 
through the guidewire to opposite sides of the spacer 
24. The resistances of helical springs 20 and 22 are the 
major contributors to the total circuit resistance. Since 60 
proximal spring 22 is typically substantially longer than 
distal spring 20, the resistance of proximal spring 22 
would be higher than the resistance of distal spring 20 if 
the same materials were used. In order to approximately 
equalize the resistances, different spring materials can 65 
be utilized. When the distal spring 20 is platinum and the 
proximal spring 22 is silver-stainless steel, the resistance 
of each electrodes is maintained below 200 ohms. A 



further advantage of the configuration where the distal 
electrode is platinum and the proximal electrode is sil- 
ver-stainless steel is that the platinum electrode is radi- 
opaque whereas the silver-stainless steel electrode is 
non-radiopaque. As a result, the measurement location 
at spacer 24 can clearly be identified by the physician 
using fluoroscopic techniques. If both electrodes were 
radiopaque, it would be more difficult to determine the 
exact location of spacer 24. It will be understood that 
different electrode materials can be utilized depending 
on the resistance requirements and the requirements for 
radiopaque electrodes. In cases where electrode resis- 
tance is not critical, platinum is preferably utilized for 
both electrodes because platinum has a lesser tendency 
to become oxidized or corroded than other metals. 

The proximal end of wire 26 extends from tube 28 
into a stainless steel tube 50. Tube 50 is spaced from tube 
12 by an insulating spacer 52. Wire 26 is electrically 
connected to tube 50. Tube 50 and spacer 52 have the 
same diameter as the remainder of the guidewire to 
facilitate sliding a catheter over guidewire 10. Tube 50 
remains external to the patient during use of the guide- 
wire 10. 

As described hereinabove, tubes 28 and 50 and helical 
springs 20 and 22 are all made of conductive material. In 
order to minimize leakage currents which would affect 
the accuracy of measurements made with the electrodes 
20 and 22, it is desirable to provide an insulating layer 54 
over the portions of these elements that are not used for 
making measurements. The entire length of the guide- 
wire 10, except for exposed portions of electrodes 20 
and 22 on either side of spacer 24, can be covered with 
insulating layer. Alternatively, since the distal electrode 
20 is short in comparison with the remainder of the 
guidewire, the insulating layer can be omitted on distal 
electrode 20. Preferably, about two millimeters of each 
electrode 20, 22 is exposed adjacent to spacer 24. The 
insulating layer 54 can be formed as a coating on the 
outer surface of guidewire 10 or as a thin tube. A pre- 
ferred material is polyimide. Preferably, the total out- 
side diameter of the guidewire, including insulating 
layer 54, does not exceed about 0.020-inch. The guide- 
wire shown in FIGS. 1-3 and described hereinabove 
can be fabricated in accordance with the following 
steps: 

1. Barrel and taper grind a 0.008-inch X 70-inch stainless 
steel core wire 26. 

2. Ultrasonically clean and oxidize (by plasma etch or 
baking) core wire 26. 

3. Draw the core wire 26 through a dimethyl for- 
mamide/amide imide solution (Four parts to one 
respectively) at a rate of 24-inches per minute to form 
an insulating coating on core wire 26. 

4. Cure the coated wire 26 in an oven for one hour at 
300' C. 

5. Insert the coated core wire 26 into a stainless steel 
tube 28 having an outside diameter of 0.016-inch and 
an inside diameter of 0.010-inch with 31 centimeters 
of the tapered portion of the core wire 26 outside of 
tube 28. 

6. Bond insulated wire 26 to tube 28 with silver-filled 
epoxy or other cement. 

7. Place proximal spring 22 over the core wire 26 and 
butt against tube 28. Then bond the spring 22 to the 
insulated core wire 26 and to tube 28 with silver-filled 
epoxy or solder. 

8. Cure the epoxy in an oven for one hour at 150* C. 
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9. Place a two millimeter spacer (0.005-inch inside diam- 
eter by 0.016-inch outside diameter) over the end of 
the core wire and butt against proximal spring 22. 
Place distal spring 20 over the tapered core wire 26a 
and butt against spacer 24. Bond the ends of springs 5 
20 and 22 to the core wire 26 and to spacer 24. 

10. Push a six centimeter piece of stainless steel safety 
ribbon (0.001-inchX 0.003 -inch) into spring 20 until it 
stops. 

1 1 . Braze spring 20 to the safety ribbon 42 and core wire 10 
26 at a point seven millimeters from the proximal end 
of spring 20. 

12. Tip weld the distal end of spring 20. 

13. Scrape off coating on core wire 26 at a point five 
millimeters from the proximal end of tube 28. 15 

14. Slide a 5 millimeter long insulating spacer 52 (0.016- 
inch outside diameter X 0.0 10-inch inside diameter) 
over the proximal end of core wire 26 and butt 
against the proximal end of rube 28. 

15. Slide a 5 centimeter long tube 50 (0.016-inch outside 20 
diameter X 0.0 10 inch inside diameter) over the proxi- 
mal end of core wire 26 and butt against spacer 52. 

16. Solder tube 50 to core wire 26 at the point where the 
coating was scraped off. 

Another preferred embodiment of the steerable 25 
guidewire is shown in FIG. 4. The shaft portion of the 
guidewire is the same as the shaft of the guidewire 
shown in FIGS. 114 3 and described hereinabove. The 
shaft includes conductive tube 28 and wire 26 extending 
through tube 28. Tube 28 and wire 26 are insulated from 30 
each other. A distal tip region 70 includes a tapered 
distal portion 26c of wire 26. A proximal electrode 72 
comprising a helically-wound, conductive spring is 
coaxially mounted on tapered distal portion 26a. The 
distal end of electrode 72 is spaced from the distal end of 35 
tube 28 by a distance on the order of 29 centimeters. 
Spacer 24 is coaxially mounted on tapered portion 26c 
of wire 26 abutting against proximal electrode 72, and 
distal electrode 20 is mounted on tapered portion 26d 
abutting against spacer 24. Distal electrode 20 is prefer- 40 
ably a helically-wound platinum spring as described 
hereinabove. Since proximal electrode 72 is relatively 
short, it has approximately the same resistance as distal 
electrode 20 and is preferably platinum. 

The proximal electrode 72 is electrically connected 45 
to tube 28 by a conductive ribbon 74. In a preferred 
embodiment, the conductive ribbon 74 is a platinum 
wire having dimensions of 0.001 inch X 0.005-inch. The 
ribbon 74 is soldered or brazed to tube 28 at one end and 
to proximal electrode 72 at the other end. An insulating 50 
tube 76 surrounds a portion of the guidewire between 
the distal end of tube 28 and electrode 72. Preferably, 
tube 76 is fabricated of polyimide and extends from a 
point about two millimeters in a proximal direction 
from spacer 24 (thus exposing about two millimeters of 55 
electrode 72) to the proximal end of tube 28. The proxi- 
mal electrode 72, by way of example, can have a length 
of about 10 millimeters. In the embodiment of FIG. 4, 
the overall length of the guidewire spring is relatively 
short. 60 

In an alternative embodiment, the insulating tube 76 
has a conductive coating or lining on its inside surface 
for electrically connecting tube 28 to proximal elec- 
trode 72. In this embodiment, ribbon 74 can be omitted. 

A schematic diagram of the excitation and sensing 65 
circuit 34 is shown in FIG. 5. The output of a signal 
generator 80 is coupled through an amplitude adjust- 
ment circuit 82, 84 to leads 30 and 32. Leads 30 and 32 
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connect to wire 26 and tube 28, respectively, of the 
steerable guidewire 10 as shown in FIG. 1. Preferably, 
leads 30 and 32 are connected to tubes 50 and 28, re- 
spectively, by removable clips (not shown). Signal gen- 
erator 80 is preferably a sinewave generator having a 
frequency of 50 KHz, an output amplitude of 0.25 volts 
peak-to- peak and a current of 10 microamps. The AC 
signal is applied between electrodes 20 and 22 of the 
guidewire causing electrical current to flow through 
the blood in the region of the vessel surrounding the 
spacer 24. The current flow varies with vessel cross- 
section adjacent to spacer 24. The voltage between 
leads 30 and 32 is sensed by an amplifier comprising 
transistors 86 and 88 and associated components. The 
amplifier is powered by a battery 90. The output of the 
amplifier is supplied through a transformer 91, a recti- 
fier 92 and a low pass filter 94 to provide an output 96 
to chart recorder 36. The output 96 is a DC voltage 
representative of the current flow between electrodes 
20 and 22. The output 96 can be calibrated to provide 
readings of the cross-sectional area of the blood vessel. 
It will be understood that the circuit shown in FIG. 5 is 
given by way of example and is not in any way limiting. 

The procedure for using the guidewire in accordance 
with the present invention involves placement and loca- 
tion of a conventional guide catheter so that its distal 
end is adjacent to the entry to the coronary artery. A 
dilatation catheter is prepared with the guidewire in 
place as described in the aforementioned Pat. No. 
4,545,390. The guidewire extends through the main 
lumen of the dilatation catheter so that at about two 
centimeters of the distal tip of the guidewire project 
beyond the outlet of the dilatation catheter. 

The assembly of dilatation catheter and guidewire is 
then pushed through the guide catheter into the coro- 
nary artery with the guidewire being used to manipulate 
dilatation catheter selectively into deeper and smaller 
coronary arteries. The simultaneous advancement of 
the dilatation catheter and guidewire is performed with 
the distal portion of the guidewire projecting distally 
beyond the outlet of the dilatation catheter. The pro- 
jecting end of the guidewire tends to bias toward the 
curved configuration which the surgeon has preset. As 
the stenosis or obstruction is approached, the guidewire 
is advanced independently of the dilatation catheter in 
order to locate the guidewire with a high degree of 
precision with respect to the stenosis. The guidewire is 
advanced to the stenosed region by a combination of 
pushing and rotation or steering of its proximal end. 
The location of the guidewire can be verified fluoro- 
scopically because of the highly radiopague characteris- 
tic of the distal spring 20. 

When the electrodes 20 and 22 have been positioned 
in the stenosed region, a measurement of vessel cross- 
section is taken as described hereinabove. Then, the 
dilatation catheter is advanced over the guidewire until 
the balloon is located within the obstruction. The bal- 
loon is inflated to dilatate the stenosis and expand the 
vascular lumen. Balloon dilatation techniques are well 
known to those skilled in the art After the dilatation 
procedure has been completed, the balloon catheter is 
withdrawn, at least partially, and the electrodes 20 and 
22 are again positioned in the stenosed region. A second 
measurement of vessel cross-section is taken, thereby 
enabling verification of the effectiveness of the dilata- 
tion procedure. Thus, dilatation and measurement of 
very small vessels can be performed without removal of 
the balloon catheter and without insertion of a separate 



09/29/2003, EAST Version: 1.04.0000 



4,957,110 



measuring device. The steerable guidewire of the pres- 
ent invention can be used in a manner similar to that 
described above with a laser catheter, a hot tip device 
or any other transluminal angioplasty device. 

In accordance with another aspect of the procedure, 5 
the guidewire having electrodes 20 and 22 can be used 
for measuring blood flow through the stenosed region 
before and after the dilatation procedure. Blood flow is 
measured as follows. The guidewire is advanced to the 
stenosed region as described above and is positioned so \q 
that electrodes 20 and 22 pass through the stenosed 
region to the downstream side thereof. The dilatation 
catheter is advanced to the upstream side of the ste- 
nosed region, and a glucose solution is injected through 
the lumen of the dilatation catheter. Typically, about 15 
five milliliters of glucose solution is injected over a five 
second period. Initially, the electrodes sense the cross 
sectional area of the vessel by conduction through 
blood. When the glucose solution is injected into the 
vessel, it passes through the stenosed region to the elec- 
trodes, causing a reduction in current flow between 
electrodes. Depending on the extent to which blood is 
flowing in the vessel, higher or lower concentrations of 
glucose solution reach the electrodes. Thus, the drop in 
current between electrodes 20 and 22 as the glucose 25 
solution is injected is a measure of the blood flow in the 
vessel. 

The change in current appears as a variation or curve 
on the chart recorder 36 or other recording device. 
After the glucose solution dissipates, the measured cur- 
rent between electrodes 20 and 22 returns to its original 
value. Blood flow is determined as a function of the area 
under the chart recorder curve during glucose flow in 
accordance with the Stewart-Hamilton equation: 
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where 

Q=Rate of blood flow, 

A = Area under curve in ohm-sec, 

I = Volume of injected glucose solution, and 

k= Constant in ohms. 
A flow measurement can be obtained before and after 
the balloon dilatation procedure to provide an indica- 
tion of the efFectivcness of the dilatation procedure. It 43 
will be understood that the above-described method can 
also be used to measure blood flow in a vessel that is not 
stenosed. 

While there have been shown and described what are 
at present considered the preferred embodiments of the 50 
present invention, it will be obvious to those skilled in 
the art that various changes and modifications may be 
made therein without departing from the scope of the 
invention as defined by the appended claims. 
What is claimed is: 55 
1. A steerable guidewire comprising: 
an elongated shaft having a distal end and a proximal 
end, said shaft being sufficiently torsionally rigid 
along its length for controllably transmitting to the 
distal end substantially all of the rotation applied to 60 
the proximal end, said shaft including a first electri- 
cal conductor and a second electrical conductor 
insulated from said first electrical conductor, said 
electrical conductors extending from the distal end 
to the proximal end of said shaft; and 65 
a tip attached to the distal end of said shaft, said tip 
adapted to be bent to a desired curve, said tip being 
sufficiently flexible so as to adapt to and follow the 



contours of a blood vessel, said tip including a 
distal electrode electrically connected to one of 
said conductors and a proximal electrode electri- 
cally connected to the other of said conductors, 
said electrodes being axially spaced apart on said 
tip by a predetermined distance, said distal elec- 
trode comprising a distal, conductive, helically- 
wound spring and said proximal electrode compris- 
ing a proximal, conductive helically-wound spring, 
said tip including a tapered distal region of said 
second conductor passing through said proximal 
spring at and least a portion of said distal spring and 
electrically connected to said distal spring. 

2. A steerable guidewire as defined in claim 1 wherein 
said shaft and said tip have a diameter that does not 
exceed about 0.020-inch. 

3. A steerable guidewire as defined in claim 1 wherein 
said first conductor comprises a main conductive tube 
having a lumen therethrough. 

4. A steerable guidewire as defined in claim 3 wherein 
said second conductor comprises a wire extending 
through the lumen in said tube. 

5. A steerable guidewire as defined in claim 1 wherein 
said tube includes a distal end and wherein said tapered 
distal region of said second conductor includes a ta- 
pered distal region of said wire extending beyond the 
distal end of said tube, said tapered distal region of said 
wire passing through said proximal spring and at least a 
portion of said distal spring. 

6. A steerable guidewire as defined in claim 5 wherein 
a distal spring is electrically connected to the tapered 
distal region of said wire. 

7. A steerable guidewire as defined in claim 6 wherein 
said proximal spring is electrically connected to said 
tube. 

8. A steerable guidewire as defined in claim 7 wherein 
said proximal spring and said distal spring are axially 
spaced apart by a cylindrical insulating spacer on said 
wire. 

9. A steerable guidewire as defined in claim 7 wherein 
said proximal spring, said distal spring and said spacer 
have approximately equal outside diameters. 

10. A steerable guidewire as defined in claim 8 further 
including an insulating layer around said tube and said 
proximal electrode except for a portion of said proximal 
electrode adjacent to said spacer. 

11. A steerable guidewire as defined in claim 10 
wherein said insulating layer comprises a polyimide 
sleeve. 

12. A steerable guidewire as defined in claim 8 
wherein said spacer has an axial length of about 2 milli- 
meters. 

13. A steerable guidewire as defined in claim 6 
wherein said proximal spring is spaced from the distal 
end of said tube and is electrically connected thereto by 
a conductive ribbon. 

14. A steerable guidewire as defined in claim 4 
wherein said wire is insulated from said tube by an 
insulating coating on said wire. 

15. A steerable guidewire as defined in claim 4 
wherein said wire is insulated from said tube by a poly- 
imide sleeve on said wire. 

16. A steerable guidewire as defined in claim 4 further 
including a proximal conductive tube proximally 
spaced from said main tube and electrically connected 
to said wire. 
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17. A steerable guidcwire as defined in claim 4 mately equal to the outside diameters of said proximal 
wherein said tube as an outside diameter of about 0.01 6- and distal electrodes. 

inch, and said wire has an outside diameter of about 28- A steerable guidewire as defined in claim 20 

0.008-inch. wherein said tube, said proximal electrode and said 

18. A steerable guidewire as defined in claim 1 5 distal electrode each have an outside diameter of about 
wherein said distal electrode is radiopaque. 0.020-inch or less. 

19. A steerable guidewire as defined in claim 1 ^ A steera °te guidewire as defined in claim 20 fur- 
wherein said electrodes are axially spaced apart by a mcludin « insulating layer around said tube and 
distance that is sufficiently small to provide highly lo- m . pr0 , xima * exce P l f ° r a P° rt,on of 

calized measurements. 10 * T0 ™? e ectr ?? e t0 ™* s r pacmJ ? ^ « 

■+r\ A „ . , , 30. A steerable guidewire as defined in claim 31 

20. A small diameter steerable guidewire composing; wherein ^ insuhtln { comprises a po lyimide 
a mam conductive tube havmg a proximal end and a lube 

distal end; 31 A steerab | e guidewire as defined in claim 29 

a conductive wire extending through said tube and 15 wherein said insulating layer comprises an insulating 

having a tapered distal region extending beyond tube. 

the distal end of said tube, said wire being electri- 32. A steerable guidewire as defined in claim 20 

cally insulated from said tube; wherein said tube is insulated from said wire by an 

a distal, conductive, helically-wound spring receiving insulating coating on said wire, 
at least a portion of the distal region of said wire, 20 33. A steerable guidewire as defined in claim 20 
said distal spring constituting a distal electrode and wherein said tube is insulated from said wire by a poly- 
being electrically connected to said wire; sleeve on said wire. 

a proximal, conductive, helically-wound spring hav- A steerable guidewire as defined in claim 20 

ing the distal region of said wire extending there- wherein said tube, said proximal electrode and said 

through, said proximal spring constituting a proxi- 23 electrode have approximately the same outside 

mal electrode and being electrically connected to diam eters. 

said tube- and steerable guidewire as defined in claim 20 fur- 

r *. -jj-.i. .11 tn er including a proximal conductive tube proximally 

means for spacing said distal and proximal electrodes d from ^ d ^ ^ ^ ^ w w 

by a predetermined distance on the distal region of 30 ^ oximal tube bei e|ectrica lly connected t0 ^ 

said wire. wire. 

21. A steerable guidewire as defined in claim 20 36. a steerable guidewire as defined in claim 20 
wherein said proximal spring is connected directly to wherein said tube has an outside diameter of about 
said tube. 0.016-inch, and said wire has an outside diameter of 

22. A steerable guidewire as defined in claim 21 35 about 0.008 inch. 

wherein said proximal spring and said distal spring are 37. A steerable guidewire as defined in claim 20 

coaxial with said wire. wherein said proximal electrode is spaced from the 

23. A steerable guidewire as defined in claim 23 distal end of said tube and is electrically connected 
wherein the materials of said proximal electrode and thereto by a conductive ribbon. 

said distal electrode are selected to approximately 40 38 - A steerable guidewire as defined in claim 37 

equalize the electrical resistances of the electrodes. wherein a region between the distal end of said tube and 

24. A steerable guidewire as defined in claim 23 said P roximal electrode is covered with a insulating 
wherein said proximal electrode is longer than said tU ^' A . _ , . 

distal electrode, wherein said proximal electrode is fab- AK u 39 ' A S !' CrabIe 8™* cwire « » cla >m 37 

ricated of silver stainless steel and wherein said distal 45 t^fV^ T ™* P™- 

w u • . a r 1 !mal springs and said means for spacing each have an 

electrode is fabneated of platinum QUlside diameter nQt f than £ bou f 0 . 020 _ ilich . 

25. A steerable guidewire as defined m claim 20 40. A stcerable guidewire M defined in claim 20 
wherein each electrode is fabneated of platinum. wherein said proximal electrode is spaced from the 

26. A steerable guidewire as defined in claim 20 50 distal end of said tube, wherein a region between the 
wherein said distal electrode is radiopaque. distal end of said tube and said proximal electrode is 

27. A steerable guidewire as defined in claim 20 covered with an insulating tube and wherein said proxi- 
wherein said spacing means comprises a cylindrical mal electrode is electrically connected to said tube, 
insulating spacer having an outside diameter approxi- • • * * * 

55 



60 



65 



09/29/2003, EAST Version: 1.04.0000 



US. Patent Sep. 18, 1990 



Sheet 1 of 2 



4,957,110 




09/29/2003, EAST Version: 1.04.0000 



U.S. Patent 



Sep.l8,l<>90 Sheet 2 of 2 4,957,110 




09/29/2003, EAST Version: 1.04.0000 



4,957,110 

1 2 

cate with a sufficiently small diameter and sufficient 

STEERABLE GUIDEWIRE HAVING flexibility for use in transluminal coronary angioplasty. 

ELECTRODES FOR MEASURING VESSEL in addition to the stiffness added by multiple electrodes, 

CROSS-SECTION AND BLOOD FLOW a separate conductor for each electrode passes through 

5 the catheter shaft. 

FIELD OF THE INVENTION Because of the requirement for accessing blood ves- 

This invention relates to a steerable guidewire that is sels of very small diameter, it has become commonplace 

used to guide a catheter in transluminal coronary angio- in transluminal coronary angioplasty to use guidewires 

plasty and, more particularly, to a small diameter, steer- for controlling the placement of catheters. Catheters of 

able guidewire that is provided with a pair of electrodes 10 sufficiently small diameter to be used in a small blood 

for measuring vessel cross-section and coronary blood vessel typically lack the torsional rigidity to be ade- 

flow. quately controlled as they arc advanced through the 

BACKGROUND OF THE INVENTION vascvi " *S" em ^ *e obsttuctod sit* Guidewire have 

an extremely small diameter, flexibility and sufficient 

Transluminal coronary angioplasty involves the non- 15 torsional rigidity to be advanced to very small diameter 

surgical widening of a passage through an artery that blood vessels. The catheter is then advanced over the 

has been narrowed or stenosed by deposits of plaque or guidewire to the obstructed site. A steerable guidewire 

plaque-ridden tissue. In one widely used approach, an suitable for use in a balloon dilatation procedure is dis- 

inflatable balloon mounted on a catheter enlarges the closed m USt No . 4 ,545,390 issued Oct 8, 1985 to 

passage through the deposit. In other known ap- 20 ^ and assigned to the assignee of the present appli- 

proaches the deposit is vaporized with laser energy catioi| ^ guidewire mcludes 8 small flejd . 

transmuted through a catheter, or a puisage u enlarged ^ ^ a ^ K ^ oa wMch js d 
by plowing through the deposu with a hot bp dewce surrounded by a 

mounted at the distal end of a catheter. Regardless of . „ j • -w. *: r*u j • 

the technique used for widening the passage through 25 hehcaUy- wound spnng. The tip region of the guidewue 

the obstruction, it is desirable for the cardiologist to ™ ^V*? ? red f tcniim ? i 

measure the vessel cross-section before and after the sha P c ^ ^ sts guidmg the device to an ob- 
angioplasty procedure in order to evaluate its effective- structed site. The guidewire disclosed in the Leary 



ness. 



patent has no measurement capability. 



A device for measuring the cross sectional area of a 30 A catheter including an intra-aortic balloon and a 

blood vessel is disclosed in U.S. Pat No. 3,896,373 stvlct normally used for twisting and untwisting the 

issued July 22, 1975 to Zelby. Two electrodes that are balloon is disclosed in U.S. Pat. No. 4,552,127, issued 

spaced apart by a predetermined distance are secured to Nov. 12, 1985 to Schiff. An EKG electrode is affixed to 

the outer surface of a catheter tube, and conductors the distal end of the stylet, and the stylet provides an 

extend from the electrodes through the tube to the 35 electrical path from the EKG electrode to the proximal 

proximal end of the catheter. The catheter carrying the end of the catheter. A percutaneous lead that can be 

electrodes is advanced through the blood vessel to a used for endocardial functions including mapping, abla- 

measurcment site, and an AC voltage is applied to the tion and pacing is disclosed in U.S. Pat. No. 4,660,571, 

electrodes. The voltage drop across the electrodes is issued Apr. 28, 1987 to Hess et al. In the Hess et al 

indicative of the cross-sectional area of the blood vessel 40 patent, a shaft utilized for torque control has an elec- 

between the electrodes, since the applied voltage pro- trode at its distal end. The shaft functions as an electri- 

duces a current through the blood in the vessel. ^ conductor from the electrode to the proximal end of 

In order to use the Zelby device in conjunction with fa e lead. An endocardial lead having a pair of spaced- 

an angioplasty procedure, the device is first advanced apartj helically-wound electrodes on the outer surface 

to the site of the obstruction to perform a measurement 45 of a fl ex jt,i e tu be is disclosed in U.S. Pat No. 4,481,953, 

of vessel cross-section. Then the measurement device is issued Nov 13> 19g4 tQ Gold ^ ^ A catne ter for mea- 

withdrawn, and the balloon catheter is advanced, to the suri Wood flow mcluding a pair of spaced-apart, heli- 

obstructed site in order to perform the dilatation. Then electrodes on the outer surface of a cathe- 

the balloon catheter is withdrawn, and the measurement ^ tube b disclosed m rj. S . Pat. No. 3,377,037, issued 

device is again advanced to the site to perform a second 50 1973 to Kolin 

measurement of vessel cross-section. Since both the '. ' , . . „ " - „. 

. , . , ... . . A . . . It is a general object of the present invention to pro- 

moment device and the dotation catheter can be ^ f measuring the cross-sectional area of a 

d.fncult to advance to the obstructed sate, die entore , avoiding the aforementioned prob- 

procedure is tunc consuming and is traumatic to the 0 v 

^Himension-sensitive angioplasty catheter having an * }} * MOthe ' ob ^ l ? { P resent ™' ntion t0 P ro " 

inflatable balloon and a plurality of vessel-measuring ™* e improved methods and apparatus for measuring 

electrodes near its distal end is disclosed in U.S. Pat. the cross-sectional area of a blood vessel and for mea- 

No. 4,587,985 issued May 13, 1986 to Salo et al. Each of surm S bIood flow rate - 

the electrodes is mounted on the surface of the catheter 60 It is a further object of the present invention to pro- 
tube and is individually connected to the proximal end a steerable guidewire having electrodes for mea- 
of the catheter. One pair of electrodes is selected for suring the cross-sectional area of a blood vessel and for 
connection to the output of an oscillator, and a second measuring blood flow rate. 

pair of electrodes is selected for sensing a signal that It is a further object of the present invention to pro- 
results from conduction through the blood in the vessel. 65 vide a small diameter, steerable guidewire having a pair 
While the Salo et al catheter avoids the problem of of spaced-apart electrodes near its distal end. 
separate devices for vessel measurement and dilatation, It is yet another object of the present invention to 
the complexity of the device makes it difficult to fabri- provide a small diameter, steerable guidewire having a 
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highly flexible tip portion provided with a pair of 
spaced-apart electrodes. 

SUMMARY OF THE INVENTION 

According to the present invention, these and other 5 
objects and advantages are achieved in a steerable 
guidewire comprising an elongated shaft having a distal 
end and a proximal end, and a tip attached to the distal 
end of the shaft. The shaft is sufficiently torsionally 
rigid along its length for controllably transmitting to the 10 
distal end substantially all of the rotation applied to the 
proximal end. The shaft includes a first electrical con- 
ductor and a second electrical conductor electrically 
insulated from each other. The electrical conductors 
extend from the distal end to the proximal end of the IS 
shaft. The tip is adapted to be bent to a desired curve. 
The tip is sufficiently flexible to adapt to and follow the 
contours of a blood vessel. The tip includes a distal 
electrode electrically connected to the one of the con- 
ductors and a proximal electrode electrically connected 20 
to the other of the conductors. The electrodes are axi- 
ally spaced apart on the tip by a predetermined distance. 

In a preferred embodiment, the distal electrode and 
the proximal electrode each comprise a conductive, 
helically- wound spring. The first conductor comprises 25 
a conductive tube having a lumen therethrough, and the 
second conductor comprises a wire extending through 
the lumen in the tube. The wire and the tube are sepa- 
rated by an insulating layer. The tip includes a tapered 
distal region of the wire extending beyond the distal end 30 
of the tube. The tapered distal region passes through the 
proximal spring and at least a portion of the distal 
spring. The distal spring is electrically connected to the 
tapered distal region of the wire, and the proximal 
spring is electrically connected to the tube. The proxi- 35 
mal spring and the distal spring are axially spaced apart 
by an insulating spacer. 

Preferably, the shaft and the tip have a diameter that 
does not exceed about 0.020 inch. The proximal spring, 
the distal spring, the spacer and the tube have approxi- 40 
mately equal outside diameters to provide a smooth 
outer surface for passage through the vascular system. 
In one preferred embodiment, the distal electrode is 
radiopaque to assist in fluoroscopic location of the mea- 
surement site. 45 

Preferably, the steerable guidewire of the invention 
includes an insulating layer around the tube and around 
the proximal electrode, except for a portion of the prox- 
imal electrode adjacent to the spacer. In one preferred 
embodiment, the proximal spring is connected directly 50 
to the conductive tube. In this embodiment, the proxi- 
mal spring is typically longer than the distal spring, and 
the springs are made of different materials to approxi- 
mately equalize the resistances of the electrodes. In 
another embodiment, the proximal spring is spaced 55 
from the tube and is electrically connected thereto by a 
thin conductive ribbon. In this embodiment both 
springs are made from the same material. 

According to another aspect of the present invention, 
there is provided a method for measuring blood flow 60 
rate in a blood vessel. The method comprises the steps 
of advancing an elongated, flexible member having a 
pair of spaced apart electrodes thereon through a blood 
vessel to a selected measurement site, sensing electrical 
current flow between the electrodes, injecting a biologi- 65 
cally-safe liquid having a conductivity different from 
that of blood into the blood vessel upstream from the 
electrodes, sensing a change in current flow between 



the electrodes resulting from injection of the liquid, and 
determining blood flow rate from the change in current 
flow between the electrodes resulting from injection of 
the liquid. Preferably, the elongated, flexible member is 
a steerable guidewire having electrodes mounted near 
the distal end thereof as described above. The steerable 
guidewire is typically advanced so that the electrodes 
are positioned downstream of a stenosed region in the 
blood vessel, and the liquid is injected upstream of the 
stenosed region. The injected liquid is preferably a glu- 
cose solution. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention 
together with other and further objects, advantages and 
capabilities thereof, reference is made to the accompa- 
nying drawings which are incorporated herein by refer- 
ence and in which: 

FIG. 1 illustrates a steerable guidewire system in 
accordance with the present invention; 

FIG. 2A is an enlarged cross-sectional view of the 
steerable guidewire taken along the line 2A— 2A of 
FIG. 1; 

FIG. 2B is an enlarged cross-sectional view of the 
steerable guidewire taken along the line 2B— 2B of 
FIG. 1; 

FIG. 3 is a cross-sectional view of the guidewire shaft 
taken along the line 3—3 of FIG. 1; 

FIG. 4 is an enlarged cross-sectional view of the . 
distal end of the steerable guidewire in accordance with 
another embodiment of the invention; and 

FIG. 5 is a schematic diagram of an excitation and 
sensing circuit suitable for use with the steerable guide- 
wire. 

DETAILED DESCRIPTION OF THE 
INVENTION 

A guidewire system including a steerable guidewire 
having electrodes for measuring vessel cross-section 
and coronary blood flow is shown in FIGS. 1-3. The 
guidewire has a very small diameter and is adapted to be 
controllably guided through the vascular system to the 
coronary region. The guidewire includes a pair of elec- 
trodes near its distal end that can be used for measuring 
the cross-sectional area of a blood vessel and for mea- 
suring coronary blood flow. 

As shown in FIG. 1, a guidewire 10 includes an elon- 
gated shaft 12 having a distal end 12a and a proximal 
end 126. The guidewire 10 also includes a distal tip 
region 14 coupled to the distal end 12o of shaft 12. The 
shaft 12, which may have a length on the order of 150 
centimeters, is highly flexible but is torsionally rigid so 
that substantially all the rotation applied to the proximal 
end 12b is transmitted to the distal end 12a The distal 
tip region 14, which may have a length on the order of 
32 centimeters, can be bent to a predetermined, curved 
configuration when relaxed but is sufficiently flexible so 
as to adapt to and follow the contours of a blood vessel. 
Further details regarding the construction and use of 
steerable guidewires are provided in the aforemen- 
tioned Pat. No. 4,545,390, which is hereby incorporated 
by reference. 

The distal tip region 14 of guidewire 10 is provided 
with a distal electrode 20 and a proximal electrode 22 
spaced apart by an insulating member 24. The distal 
electrode 20 and the proximal electrode 22 are electri- 
cally connected through shaft 12 by conductive wire 26 
and conductive tube 28, respectively, to the proximal 
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